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The current research utilized configural displays within the domain of aviation to 
assess what design features of configural displays contribute to the formation of operator 
situation awareness (SA).  Configural displays map system information relevant to 
operator goals onto geometric shapes called emergent features.  An emergent feature is 
formed from the combination of individual line segments to produce a global feature 
more perceptually salient and recognized sooner than the individual parts themselves.  
Configural displays have been shown in previous research to provide better operator 
performance for integration tasks where multiple pieces of information must be 
considered at once, yet the design aspects of configural displays that impact the formation 
of operator SA have yet to be determined.  The current research compared the design 
features of three aviation configural displays over four experiments to quantify what 
aspects of configural displays would impact operator SA.  The research sought to 
determine whether the simple act of representing system information in configural 
displays using emergent features is sufficient for facilitating operator SA or do other 
design factors need to be considered?  Operator SA was assessed using explicit and 
implicit measures of SA from operator task performance in addition to a subjective SA 
rating scale.  The recognition of aircraft attitude (climb/dive flight angles) when briefly 
presented to pilots in Experiment 1 revealed significant performance differences for the 
Arc Segment Attitude Reference (ASAR) configural display which mapped aircraft 
attitude information onto a circular shape versus the traditional aircraft head-up display 
(HUD) ladder found in the Joint Strike Fighter (JSF) HUD and Dual-Articulated (DA) 
iii 
HUD.  The current research in Experiment 1 provides evidence that configural displays 
such as the ASAR that utilize emergent features well mapped to fully relate the 
information needed for a task will facilitate pilot Level 1 SA (i.e., perception of 
information) for integration tasks.  The performance results for the dynamic aircraft 
control task in Experiment 2 were inconclusive as performance differences between the 
three configural displays approached significance, but did not reach significance.  
Experiment 2 investigated design differences of configural displays impacting operator 
SA beyond perception, that is, once information extraction has taken place, how does the 
pilot utilize the information to build and develop Level 2 and Level 3 SA?  Given the 
brief duration of the task from Experiment 2, it’s recommended that the benefits of 
configural displays for higher-order SA be investigated in a more complex and extended 
task that would allow SA to be developed over time and possibly sampled more 
extensively than the task used in Experiment 2 that lasted from 1-2 seconds for the 
performance measures used.  Experiments 3 and 4 compared operator SA for using the 
same three configural displays as used in Experiments 1 and 2 but for switching between 
attitude displays during task completion.  The findings from Experiment 3 show that 
when using a configural display off-axis in a helmet-mounted display (HMD) that allows 
for aircraft attitude to be readily perceived and understood (i.e., the prevailing format 
from Experiment 1), the transition forward to the primary flight display (i.e., forward 
configural display) poses little impact on either pilot (expert) or flight test engineer (FTE, 
novice) ability to transition between the two displays and still control the aircraft. The 
results from Experiment 4 showed that experts and novices both choose to rely upon 
aircraft instruments for obtaining orientation cues and aircraft attitude state when using a 
iv 
HMD off-axis, but how expert and novice aircraft operators utilize flight instruments and 
real world visual cues off-axis in a HMD during extending off-axis viewing still needs to 
be examined.  An application of the design recommendations for configural displays 
thought to benefit SA formation for operators is provided as a basis for how to design 
configural displays to provide for all three levels of SA. 
The results from the current research support the converging evidence that the 
critical distinction in providing system information to operators with configural displays 
lies in the degree to which the mapping of system information onto emergent features 
corresponds to operator goals, and extends existing configural display research by 
providing insight into the configural display design features that impact operator SA 
formation when using a single configural display, and for the first time, the transitioning 
from one configural display to another during completion of an integration task.   
The current research also contributed to the theory of SA by examining the use of 
configural displays to provide a design approach to assist operators in developing and 
maintaining SA.  The theory of SA provides a framework for what must take place for 
SA to be established and developed (i.e., information should be highly salient and related 
to operator goals), but SA theory does not provide a specific means by which this can be 
achieved.  For the current research, configural displays were provided as a means for 
providing a design approach that would inherently provide for information saliency (i.e., 
emergent features), comprehension of task goals (display mapped to system information 
relevant to task), and the ability to predict system states when emergent features changed 
over time to express emerging critical conditions in the system. 
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1.1 Research Focus 
The current research investigated the impact of configural display design features 
on operator situation awareness (SA) over a series of four integration tasks.  Configural 
displays have been shown in previous research to provide better operator performance for 
integration tasks where multiple pieces of information must be considered at once. Much 
of the research related to configural displays has used simple tasks with novice subjects. 
Also, given that the role of integrated displays is to provide the human operator with all 
the information they need for decisions and actions, there has been no research to date 
with respect to the impact of configural displays on operator situation awareness (SA) 
and specifically information about the design aspects of configural displays that impact 
the formation of operator SA.  Configural displays map system information relevant to 
operator goals onto geometric shapes called emergent features.  An emergent feature is 
formed from the combination of individual line segments to produce a global feature 
more perceptually salient and recognized sooner than the individual parts themselves.  Of 
interest to the current research was the impact configural displays containing emergent 
features would have on SA formation for complex aviation attitude tasks, and how other 
design aspects of configural displays such as closure and differences in information 
mapping would impact higher-order SA beyond perception (e.g., pilot use of information 
beyond information saliency).  Since SA is comprised of three levels, perception, 
comprehension, and prediction of future system state, differences in how well a 
configural display provides performance benefits could be related to differences in 
configural display designs that support all three levels of SA. 
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1.1.1 Research Contributions 
Existing configural display research has yet to investigate whether proven 
performance advantages for integration tasks with configural displays also translates into 
any advantages to operator SA.  The current research in Experiment 1 provides evidence 
that configural displays that utilize emergent features well mapped to fully relate the 
information needed for a task will better support level 1 SA (i.e., perception of 
information). Of particular importance is the design of configural displays mapped to 
convey the full range of information related to task goals (e.g., ± 90-degrees of aircraft 
flight path angle visible at-a-glance from an aviation configural display for conveying 
aircraft attitude).   The availability of this degree of task information appears to impact 
the formation of Level 1 SA, perception of information in the environment, as pilots were 
able to detect and recall significantly more information regarding aircraft attitude when 
using a configural display mapped to display the full range of aircraft attitude versus 
traditional attitude displays that showed partial attitude (e.g., ± 10-degrees). 
Extending this investigation into Experiment 2 to examine how the results from 
Experiment 1 transfer to a dynamic task of unusual attitude recovery, the impact of 
configural displays was less conclusive as to the design differences of configural displays 
impacting operator SA beyond perception, that is once information extraction has taken 
place, how does the pilot utilize the information to build and develop Level 2 and Level 3 
SA?  Although highly trained experts and novices (less experienced group) were used in 
Experiment 2, given the brief duration of the attitude recovery task, it’s recommended 
that the benefits of configural displays for higher-order SA be investigated in a more 
complex and extended task that would allow SA to be developed over time and possibly 
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sampled more extensively than the task used in Experiment 2 that lasted from 1-2 
seconds for the performance measures used.  
The current research in Experiments 3 and 4 provided a unique contribution to 
existing configural display research by examining for the first time the impact on 
operator SA for the sudden transition from one configural display to another during task 
completion.  These two experiments were conducted for a real world aviation task to 
allow for transferability of the results and provide meaning to experimental outcomes.  
The findings from Experiment 3 show that when using a configural display off-axis in a 
helmet-mounted display (HMD) that allows for aircraft attitude to be readily perceived 
and understood (i.e., the prevailing format from Experiment 1), the transition forward to 
the primary flight display (i.e., forward configural display) poses little impact on either 
pilot (expert) or flight test engineer (FTE, novice) ability to transition between the two 
displays and still control the aircraft.  Experiment 4 repeated the task in Experiment 3 but 
also examined pilot strategy for obtaining aircraft attitude while using a HMD off-axis.  
When completing an instrument intensive task and provided natural horizon information 
for discerning aircraft attitude (no visual cues provided in Experiment 3), what strategy 
would the pilot (highly trained) and FTE (minimal training) use to control the aircraft 
during a recovery task?   
The results from Experiment 4 showed that experts and novices both choose to 
rely upon aircraft instruments for obtaining orientation cues and aircraft attitude state 
when using a HMD off-axis.  Experiment 4, like Experiment 2, could benefit from further 
investigation of how expert and novice aircraft operators utilize flight instruments and 
real world visual cues off-axis in a HMD as the task for Experiment 4 was very brief (1-2 
 3
seconds) leaving doubts as to the transferability of the findings to HMD usage during 
extending off-axis viewing.       
Finally, since the displays used in Experiments 1-4 chosen to investigate 
configural display design features thought to impact operator SA were exiting designs, 
the configural display design features thought to benefit operator SA recommended in the 
current research were applied to design a new display, an aircraft display used to convey 
missile threats to the pilot, or a threat warning display (TWD).  This redesigned TWD 
applied design features to impact all three levels of SA.  This is accomplished by using an 
emergent feature (Level 1 SA, perception) for the basic display format (i.e., an octagon) 
whose sides are mapped to represent 8 cardinal directions (i.e., N, S, E, W, NE, SE, SW, 
NW).  The sides of the TWD bend inward once a missile threat has come within 15s of 
impacting the aircraft (facilitates Level 1 & Level 2 SA, detection and comprehension).  
Further, an indication of how to maneuver the aircraft to avoid missile impact is provided 
(Level 3 SA, predict future states).  The design features of the new TWD contribute to the 
body of configural display design research by providing a representation of how the 
design recommendations in the current research can be applied to potentially impact 
operator SA.       
  The research has provided contributions to the literature related to configural 
displays as well as research related to complex domain of aviation displays.  The 
contributions include: 
• Performed an in-depth literature review related to the theory and design of 
configural displays and indicated how aspects of configural displays map to 
theories of SA. 
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• Analyzed and defined current and possible future pilot HMD attitude references 
in terms of their configural display properties. 
• Analyzed how configural HMD attitude references affect SA formation and 
operator performance during complex attitude recovery tasks. 
• Measured human performance when pilots must transition from an off-axis 
attitude display to one viewed on-axis in the cockpit (normal procedure to look 
inside the cockpit for recoveries) using dissimilar attitude displays. 
• Compared performance between experts and highly trained non-experts for using 
a configural display in a complex and dynamic task.  Previous research 
traditionally used non-experts making it hard to distinguish any real advantages. 
• Supported previous findings that the critical factor in the design of configural 
displays is how well system information is mapped onto emergent features in 
expressing task goals.   
• Extended the theory of SA by investigating a design approach that would allow 
for the central elements of SA theory to be examined through the use of 
configural displays. Since configural displays promote information saliency, well 
mapped information for comprehension of task goals, and ability to see trends in 
systems states, all of which represent the three levels of SA as proposed by 
Endsley (1995), the use of configural displays should provide for SA 
development.    
• Provided a configural display design example that showed how recommendations 
from the current research can be mapped to the design of displays to facilitate SA 
formation.  
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• Documented future research needs to better determine if SA can be enhanced 
using configural displays.          
1.2 Background 
Situation Awareness (SA) plays an important role in the design and portrayal of 
flight reference information in military and civil aviation displays.  How much SA a 
flight reference display imparts becomes particularly important during time-critical flight 
situations such as an unusual attitude recovery (UAR) where the pilot discovers the 
aircraft to be in an unexpected attitude and has to reference cockpit displays to provide 
inputs back to desired conditions (e.g., straight-and-level flight).  How to best incorporate 
SA into the design of aircraft visual displays remains a challenge, however, as cockpit 
display technology expands to include the use of helmet-mounted displays (HMDs) to 
provide attitude reference information to the pilot (Liggett and Gallimore, 2002).  The 
need to finding a means for improving recognition of aircraft flight information in 
existing cockpit displays and emerging displays such as the HMD is crucial.  A 1997 
Defense Science Board study of Class A aviation mishaps for all military services since 
1955 has found that mishap occurrences have steadily declined from about 2200 a year to 
70 a year (or mishap rate of 30 to 1.5 per 100K flying hours), but concluded that Class A 
mishap rates have reached a plateau with one-billion dollars and 100 lives continuing to 
be lost each year (Allen, 2000).  Class A mishaps refer to aviation accidents that result in 
loss of life, loss of aircraft, or aircraft damage in excess of one-million dollars.  Once 
approach to improving safety in aviation is to focus on aspects of the design of aircraft 
displays that could in turn lead to better detection of flight reference information needed 
by pilots, and this is an area in the realm of SA needing additional research. 
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An unresolved issue in the theory of SA is how to best portray critical information 
in visual displays such that the user can quickly detect cues relevant to their current goal 
amid other data and form the basis for Level 1 SA, the perception of elements in the 
environment (Endsley, 1988).  Sarter and Woods (1991) reported that “little progress has 
been made with respect to important issues such as the acquisition of information in 
general or supporting effective attention-filtering in changing data rich environments”.  A 
review of the SA literature to date reveals that this basic aspect is still true, there lacks a 
clear methodology that explains how to best represent critical cues in visual displays to 
facilitate the acquisition of information for the formation of SA.  Promising design 
concepts such as the use of configural displays (Buttigieg and Sanderson, 1991; Bennett 
and Flach, 1992) that employ the use of emergent features (Pomerantz et al., 1977) have 
been shown in numerous studies to improve operator performance for detecting task 
relevant information, particularly in integration tasks.  The use of configural displays that 
serve to heighten cue saliency, which is a critical aspect in the formation of SA, has yet to 
be investigated with regards to its impact on the formation of SA.  Endsley (1995a) points 
out the importance of cue saliency for SA formation when stating that “considering that 
mental models and schemata are hypothesized to be key tools for achieving the higher 
levels of SA in complex systems, the critical cues used for activating these mechanisms 
need to be determined and made salient in the interface design”.  If the display designer 
does not first take into consideration how and when to make critical information easily 
detectable to the user, higher levels of SA will be degraded or unattainable leading to 
what Endsley (1995b) refers to as “incomplete SA”.  This type of breakdown in SA 
occurs when the user fails to perceive the information in the environment important for 
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establishing SA or updating existing SA.  Indeed, in describing factors important to the 
formation of SA, Endsley (1995) states that “Cue salience … will have a large impact on 
which portions of the environment are initially attended to, and these elements will form 
the basis for the first level of SA”.   
1.2.1 SA in Aviation  
Evidence for the importance of properly establishing the saliency of critical cues 
in the design of visual displays can be seen in research on the causes of pilot errors in 
aviation.  In a review of National Transportation Safety Board (NTSB) accident 
investigation reports from 1989 to 1992, Jones and Endsley (1996) found that 77% of 
errors in aviation involving SA arise from problems with the formation of Level 1 SA, 
the perception of needed information (Figure 1).  In complex environments, decisions 
required by operators are often time critical, thus to minimize constraints on information 
processing (e.g., working memory) and quickly highlight the cues important for a given 
task, critical information should be designed to “stand out” and easily convey system 
information related to current operator goals.      
 
Figure 1.  Errors in aviation attributable to SA (Jones and Endsley, 1996). 
Pilot inability to perceive needed information can lead to a type of loss of 
situation awareness referred to as controlled flight into terrain (CFIT) that has accounted 
for 23% of all U.S. Air Force (USAF) Class A mishap rates from 1993 to 2002 resulting 
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in the loss of 59 aircraft, 132 fatalities, and a cost of $1.94 billion dollars (USAF 2003).    
Instances of CFIT typically occur during reduced visibility conditions where the pilot is 
reliant upon flight instruments (Scott, 1996) to discern aircraft attitude, and therefore the 
importance of imparting good SA in the design of such flight instruments is underscored. 
According to Moroze and Snow (1999) who investigated CFIT occurrences over a ten-
year period from 1987-1996, 50% of CFIT mishaps had SA components listed as 


























Figure 2.  Occurrences of CFIT attributable to loss of SA (Moroze and Snow, 1999). 
The focus of the current research is to investigate ways to determine the impact of 
configural displays for providing salient cues and facilitation the formation of SA. 
Specifically, it’s proposed that the utilization of perceptual properties of objects such as 
emergent features (Pomerantz et al., 1977) in the design of configural displays that map 
to task goals will enhance operator SA.  The current research extends the theory of SA 
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proposed by Endsley (1988, Figure 3) by introducing an approach to represent critical 
cues in visual displays that will serve to facilitate operator SA through the use of 
emergent features of objects.   
 
Figure 3.  Model of SA in decision making (Endsley, 1988). 
Previous research has shown that the use of emergent features in display design 
allows subjects to more easily detect changes in dynamic processes for integration tasks 
(Lanze, Maguire, and Weisstein, 1985; Buttigieg and Sanderson, 1991; Bennett and 
Flach, 1992; Bennett, Toms, and Woods, 1993; Bennett, Nittoli, and Walters, 1996; 
Bennett et al., 2000; Marble and Proctor, 2000; Bennett and Walters, 2001; Calcaterra 
and Bennett, 2003).  The type of display that embodies the use of emergent features to 
enhance cue saliency in complex domains is referred to as a configural display.  The 
relationship between the benefit of using configural displays to portray critical 
information in complex domains and its subsequent benefit to operator SA has yet to be 
established.   
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Investigating how to improve the detection of information in visual displays to 
impact pilot SA would contribute to existing configural display and SA research by 1) 
Providing research regarding HMD symbology during the interaction of on-axis and off-
axis aircraft attitude configural displays.  These two types of HMD symbology represent 
configural displays that vary in terms of the geometric shape used to convey aircraft 
attitude when viewing aircraft displays forward in the cockpit (on-axis) or outside of the 
cockpit (off-axis), and little research has been done on how differences in configural 
display formats impact pilot SA if the need arises to abruptly switch between displays if 
in an unusual attitude while looking off-axis; 2) Providing insight into the design features 
of configural displays that in turn facilitate pilot SA.  Configural display research has 
shown performance advantages for integration tasks where multiple pieces of information 
that must be considered at once for task completion, but the design features of configural 
displays that contributes to SA have yet to be determined; and 3) Providing a means to 
evaluate the use of information saliency in visual displays leading to Level 1 SA 
formation.  The SA research has yet to address a method for providing for information 
saliency in visual displays although this is a central aspect of how SA is established 
according to SA theory. 
1.3 SA Defined 
Many definitions have been proposed to describe the construct of SA (see 
Vidulich et al., 1994; Table 1), but the most commonly used definition and the one 
employed for the current research comes from Endsley (1988) which states that 
“Situation awareness is the perception of the elements in the environment within a 
volume of time and space, the comprehension of their meaning, and the projection 
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of their status in the near future”.  As shown from Endsley’s model of SA in Figure 3, 
the process by which SA is developed is a hierarchical one in which the perception of 
information in the environment comes first (Level 1 SA) followed by comprehension of 
the information as it relates to the current task or operator goal (Level 2 SA), and the last 
phase of SA being operator ability to predict future outcomes of the current situation 
(Level 3 SA).  




The three phases of SA build upon each other to continually develop an operator’s 
mental picture of the current state of the environment, and the impetus for achieving SA 
starts with cue saliency for how well the information required for the task at hand is 
perceived.  
1.3.1 Levels 1 SA 
For establishing the beginnings of SA (i.e., Level 1 SA), the need to focus design 
efforts on facilitating the saliency of critical cues in visual displays is apparent as pointed 
out by Endsley (1995), “the classification of information into understood representations 
forms Level 1 SA and provides the basic building blocks for the higher levels of SA”.  
The basis for achieving SA begins with how the individual perceives the critical cues in 
the environment needed to achieve necessary goals.  The structure of this information 
plays a crucial role in how quickly it can be distinguished from other elements in the 
environment.  Endsley (1995) states that the perception of critical cues in the 
environment is achieved when individual elements are classified through the use of 
pattern-matching of prototypes which in turn activate appropriate mental models in long-
term memory.   
What’s missing from Endsley’s theory of SA is an approach for representing 
critical information in visual displays that will enhance the perception of cues the 
operator needs.  To enhance SA, the design of information to capture operator attention 
needs to be tailored to SA requirements for a given task (e.g., system processes and 
constraints) and associated with operator goals.  By using emergent features to enhance 
cue saliency for needed information, Level 1 SA should be facilitated which in turn 
should benefit overall task performance (i.e., SA correlated with task performance). Yet 
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to realize this performance gain, Pomerantz and Pristach (1989) cautioned that “the 
performance characteristics of configural dimensions will not surface unless (a) the 
stimuli contain emergent features and (b) those emergent features are distributed among 
stimuli in a way that they are useful to the subject in performing assigned tasks”.       
1.3.2 Level 2 SA 
Endsley (1988) states that Level 2 SA is “based on schemata or knowledge 
structures stored in long-term memory (Rumelhart, 1984) which are activated by 
recognized patterns in incoming data”.  Following the perception of cues in the 
environment (Level 1 SA), the information perceived by the operator obtains significance 
when combined with current task goals leading to the formation of Level 2 SA, 
comprehension and understanding of the situation.  The operator’s goals, seen as top-
down decision processing (Casson, 1983) work in conjunction with other mechanisms to 
direct attention to relevant information in the environment.  The combination of 
perceived information from Level 1 SA (bottom-up processing) and operator goals (top-
down processing) together provide the meaning and relevance to assimilated information 
from the environment and comprise Level 2 SA.  According to Endsley (1995), “this top-
down processing will operate in tandem with bottom-up processing in which salient cues 
will activate appropriate goals and models”.  The activation of mental models will help to 
alleviate the “bottle-neck” for information processing concerning working memory in 
dynamic systems (Endsley, 1988), but this activation is highly subject to the saliency of 
cues in the environment and is thus an important consideration in the design of visual 
displays.   
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Endsley (2000) refers to the processes leading up to the formation of SA as 
situation assessment, where as various constructs such as attention, perceptual pattern 
matching, and long-term memory (mental models) influence the type or selection of 
information attended to and directly bear upon the formation of SA.  These mechanisms 
driving situation assessment are critical to the formation of SA but are separate from the 
construct itself.   As stated by Tenney et al. (1992), “the state of awareness with respect 
to information and knowledge is the product. The process, in contrast, involves an active 
and dynamic series of cognitive activities”.  The factors that influence the establishment 
and recurring update of SA in dynamic systems can be seen in Endsley’s model of 
contributors to SA (Figure 4). 
 




1.3.3 Level 3 SA 
The final stage of SA (Level 3) is enabled from the synthesis of information 
perceived from the environment (Level 1 SA) together with meaning and comprehension 
of that information from mental models and operator goals (Level 2 SA) allowing for the 
projection of future states of the system (i.e., predict future outcomes of current events).  
Endsley (1995) states that Level 3 SA is “a critical facet of overall SA that facilitates 
timely decision making by the operator”.  Most of the errors in aviation involving SA 
(97%) occur prior to the availability of Level 3 SA.  Focusing on the correction of 
problems with the formation of lower order SA can help minimize the risk of operators 
forming incomplete SA with regards to Level 3 SA.  Endsley (2000) states that 
concerning Level 3 SA, “operators rely on future projections heavily.  It is the mark of a 
skilled expert”.  Thus, the ability to achieve Level 3 SA is somewhat dependent on 
operator expertise, “which can be defined as a highly developed repertoire of pattern-
oriented representations” (Sarter and Woods, 1991).   
The perception of needed information (i.e., Level 1 SA) is the basis for the 
beginnings of SA, yet as pointed out in the theory of SA proposed by Endsley (1988), 
other factors such as operator goals and previous experience and training can direct 
attention and impact the formation of Level 2 SA, the comprehension of information.  An 
example of two factors that can shape how operators gain SA beyond perception of 
information can be seen in the research conducted on pilot strategy for instrument 
scanning in the aircraft cockpit and in the utilization of the world horizon to maintain 
attitude awareness.  The strategies that a pilot employs in using aircraft attitude 
information, either imparted from their cockpit displays or from natural cues such as the 
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horizon, can determine how effectively the information is utilized in controlling the 
aircraft, staying aware of current aircraft state, and planning for future aircraft control 
inputs. 
1.4 Pilot Strategies for Aircraft Attitude Awareness 
When a pilot is operating an aircraft and seeking to maintain SA for aircraft 
attitude (i.e., aircraft roll, pitch, and yaw), insight into the means by which their SA is 
developed and maintained can be interpreted through direct observation of pilot behavior 
in their use of aircraft instruments or natural environmental cues such as the real world 
horizon.  Previous research has highlighted two areas that impact pilot strategy for 
obtaining SA regarding aircraft attitude, the arrangement of aircraft instruments (Fitts et 
al., 1950), and the use of natural cues in the environment, in lieu of aircraft instruments, 
for maintaining aircraft attitude (Patterson et al., 1997). 
1.4.1 Display Arrangements 
 In the early research conducted by Fitts and his colleagues (1950) on pilot 
scanning behaviors for aircraft instruments, pilot’s eye movements were recorded during 
aircraft instrument landings using a link analysis to evaluate the relative importance of 
the instruments being used for the task.  Proctor and Van Zandt (1994) describe a link 
analysis for display configurations as “a representation of the percentage of eye 
movements shifting from one display to another.  The general idea is that a display 
configuration will be designed better if the distance between displays with high-value 
links is shorter than the distance between displays with low-value links”.  An example of 
the link analysis from Fitts et al. (1950) is shown in Figure 5.   
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Figure 5.  Link analysis of instrument panel during aircraft landing (Fitts et al., 1950). 
Fitts and his colleagues (1950) summarized their research findings: “It is 
reasonable to assume that frequency of eye fixations is an indication of the relative 
importance of that instrument. The length of fixations, on the contrary, may more 
properly be considered as an indication of the relative difficulty of checking and 
interpreting particular instruments. A pattern of eye movements, i.e., the Link Values 
between the instruments, is a direct indication of the goodness of different panel 
arrangements”.   The research by Fitts et al. (1950) led to additional research into the 
optimal arrangement of aircraft flight instruments to best support pilot use and efficiency 
of aircraft instruments in flight.  Research conducted at the Wright Air Development 
Center by Svimonoff (1958) led to the establishment of the arrangement of aircraft 
instruments know throughout military aviation today as the “T-scan” concept (Reising et 
al., 1991).  This instrument arrangement, shown in Figure 6, “lines up certain control, 
performance, and navigational information items in an arrangement that places the 
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airspeed indicator, attitude director indicator, and altimeter along a horizontal line and the 
attitude director indicator and horizontal situation indicator on a vertical line.  As a result 
of this geometrical configuration, the critical flight and performance instruments formed 
a “T” scan pattern, an easily interpretable, integrated set of instrument items” (Reising et 
al., 1991). 
 
Figure 6.  T-scan arrangement of aircraft flight instruments (Reising et al., 1991). 
The arrangement of actual aircraft instruments by Svimonoff (1958) can be seen 
in Figure 7.  By using the T-scan arrangement, the pilot’s task of instrument cross 
checking was made much easier since the pilot could now access the aircraft attitude 
indicator, the central and most important display, while also accessing other important 
performance displays such as aircraft airspeed and altitude (Reising et al., 1991).  Once 
desired aircraft parameters were set, deviations from the expected were readily detectable 
(i.e., a break in the “t-line” was easy to detect). 
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Figure 7.  T-scan concept from Svimonoff (1958). 
The placement of the aircraft attitude indicator in the central location of the t-scan 
instrument arrangement is no accident, as noted by Wickens (2007), “A repeated finding 
from cockpit scanning research is that the attitude directional indicator, or “artificial 
horizon,” shown in the upper center of the instrument panel, is the most important 
instrument. It is visited most frequently, and the gaze dwells there longest when it is 
visited…it is the only instrument which offers two channels of information integrated 
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into one – the horizon line both pitches and banks, hence conveying the two most critical 
aspects of attitude”.  
1.4.2 Display Arrangement in Helmet-Mounted Displays 
There are three areas in the use of modern cockpit instruments that have 
implications for pilot strategies in obtaining aircraft attitude awareness, the use of head-
up displays (HUDs), HUDs paired with helmet-mounted displays (HMDs), and aircraft 
that use HMDs exclusively for conveying primary flight displays (PFDs) to the pilot 
(e.g., the F-35 Joint Strike Fighter).  The need for pilots to adjust orientation strategies 
stems from the possible use of multiple aircraft attitude displays if the pilot has a HMD or 
a HMD plus HUD as the display source for their PFD.  Although modern aircraft have 
redundant sources of aircraft attitude references, the HUD located in the pilot’s forward 
field of view and the standby attitude reference located head-down in the cockpit panel 
(i.e., the ADI or attitude director indicator), the HUD serves as the PFD for modern 
aircraft due to its ability to provide critical flight information to the pilot while 
simultaneously allowing for the pilot to access points of interest outside the cockpit such 
as the aircraft runway when on approach for landing. 
The HUD has undergone many usability evaluations concerning the means by 
which it conveys aircraft attitude to the pilot.  The impetus for the series of HUD attitude 
reference usability evaluations in the US Air Force (USAF) can be traced to the aircraft 
attitude awareness workshop held at Wright-Patterson Air Force Base in 1985 
(McNaughton, 1985).  What followed was a number of studies investigating the optimal 
format for the HUD pitch ladder, the central component of the HUD attitude reference, 
conveying aircraft pitch and roll in one display shape (see Weinstein et al., 1994 for a 
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review).  Although a standard HUD format was arrived at and validated by the USAF and 
documented in the Military-Standard-1787, aircraft across the USAF contained PFDs that 
varied in terms of the design formats concerning the critical flight instruments that Fitts 
and his colleagues evaluated in 1950, the airspeed, altitude, and attitude references were 
inconsistent in many aircraft, to include prevalent fighter aircraft such as the F-16 and F-
15.  Moreover, other aircraft within the Department of Defense (DoD) such as the F-18 
used by the US Marine Corp and US Navy utilized a HUD pitch ladder which the USAF 
rejected as unsafe, the dual-articulated pitch ladder. 
With the advent of the HMD in the 1990s, research once again emerged into the 
optimal attitude reference format to use in the helmet when the pilot was looking outside 
the cockpit (i.e., off-axis or away from the longitudinal axis of the aircraft).  This line of 
research sought to answer two questions, 1) which attitude format in the HMD would 
allow the pilot to maintain attitude awareness while performing other tasks? (e.g., visual 
search of targets), and 2) which attitude reference would work best with the PFD (i.e., 
HUD) when the pilot has to look back into the cockpit and switch from one attitude 
reference to another (Figure 8)?  Although much research has been done on the former 
(DeVilbiss and Sipes, 1995; Hardiman and Dudfield, 1995; Dudfield et al., 1995; Meador 
et al., 1996; Davy et al., 1996; Drewery et al., 1997; Geiselman and Osgood, 1994; 
Geiselman et al., 2000; Lockheed Martin, 2000; Jenkins et al., 2001; Jenkins et al., 
2002a; Jenkins et al., 2002b; Havig, Jenkins, and Geiselman, 2002; Jenkins, 2003; 
Jenkins et al., 2003; Jenkins et al., 2004), very little has been done into the latter 
investigating the optimal format and spatial orientation implications for the pilot when 
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switching between two dissimilar attitude references when using a HMD (Davy and 
Selcon, 1997; Davy et al., 1996).   
 
Figure 8. Example of similar attitude displays in the HUD and HMD (Jenkins, 2003). 
The use of HMDs came about principally due to the limitations of the HUD in 
displaying aircraft flight and weapons information solely in the pilot’s forward field of 
view, that is, the HUD could only show information to the pilot when looking forward 
versus off-axis where a target of interest might reside, hence the pilot had to look back 
into the aircraft to obtain updates to aircraft state (e.g., attitude, airspeed, altitude) and 
weapons status if engaged in target designation (Figure 9).  The expression of how much 
display space is available for presenting aircraft information to the pilot is known as the 
display field-of-regard, or the area upon which display information can be sampled.  
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Since the HUD’s combiner glass limits the amount of displayed information (i.e., its 
field-of-view) and is fixed to the cockpit panel, the HUD’s field-of regard is equal to its 
field-of-view.  With the use of a HMD, the pilot can position the display field-of-view to 
wherever they are looking providing an almost limitless display field-of-regard (see 
Figure 10).   
 
Figure 9. Pilot has to update awareness of aircraft attitude by looking back into the 
cockpit when no off-axis attitude reference is in the HMD.   
As pointed out by Wickens (2007), the aircraft attitude reference is visited most 
often by the pilot and their gaze lingers the longest on this instrument out of other 
important flight reference information.  If there is a disruption in the interpretation of 
attitude information when the pilot must switch between the attitude format in the HMD 
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to another format in the HUD when transitioning between views inside and outside of the 
cockpit, it’s not surprising that the pilot’s dwell time on the attitude reference could 
increase significantly, and the effect of such transitions on pilot SA is unknown.  The 
addition of the HMD into modern fighter cockpits, whether retrofitted to work with 
existing HUDs or as stand-alone PFDs in the case of the F-35, the effect of multiple 
attitude references available to the pilot heads-up and the potential shift in strategy for 
maintaining aircraft attitude awareness has yet to be fully investigated.   
Aside from pilot use of aircraft instruments for attitude awareness, utilization of 
orientation cues in the environment, such as the natural world horizon, is often relied 
upon by pilots during daytime or visual metrological condition (VMC) flight.  Patterson 
et al., (1997) has uncovered the presence of a pilot shift in orientation strategy during 
VMC flight in which the pilot orientates their head to maintain alignment with the world 
horizon during conditions of aircraft bank as the primary means of obtaining aircraft 
orientation versus the use of the aircraft PFD.  This occurrence of head tilt during VMC 
flight has been referred to as the opto-kinetic cervical reflex (OKCR). 
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Figure 10. Difference in a HUD and HMD field-of-regard (Jenkins et al., 2003). 
1.4.3 Opto-Kinetic Cervical Reflex  
A pilot’s spatial strategy for flight revolves around the way in which they 
interpret motion relationships between their aircraft and the world as they maneuver or 
provide input into aircraft controls.  The underlying precept of a pilot’s spatial strategy, 
which affects their overall SA, depends upon the frame of reference they use to determine 
motion-control compatibility.  Howard (1982) relates that “Man lives in an environment 
of visible objects and surfaces which usually maintain a constant orientation to the 
direction of gravity.  Such objects and surfaces constitute the visual frame of reference 
for the vertical”.  Howard (1982) goes on to define a frame of reference as “An attribute 
of certain objects which does not normally vary, and in terms of which variations of the 
same attribute in other objects perceived at the same time are judged”.  This definition of 
a frame of reference ties into the two main cues or spatial strategies that Patterson (1998) 
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states a pilot uses to determine motion while maneuvering an aircraft during day visual 
meteorological conditions (VMC).   
The pilot’s view of the outside world from the aircraft cockpit during day VMC 
flight presents one or two views of the horizon depending upon which way the pilot’s 
head is positioned.  The design of past and current aircraft flight displays is based in large 
part on the idea that the pilot perceives the horizon moving when viewed from inside the 
cockpit during VMC flight (head aligned with the vertical cockpit axis). An alternate 
view of how the pilot perceives the horizon has been presented by Patterson (1995) in 
which pilots have been shown to tilt their head toward the horizon when maneuvering the 
aircraft during VMC flight (head aligned with the natural horizon).  This type of 
movement, according to Patterson (1998), “improves (pilot) spatial awareness by 
establishing the horizon retinal image as a stabilized primary visual-spatial cue” (Figure 
11).     
 
Figure 11.  Pilot head tilt during VMC flight (from Patterson, 1998). 
As can be seen from Figure 11, secondary visual spatial cues in the form of a moving 
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cockpit compared against a retinal-stabilized horizon are now provided to the pilot as a 
result of the tilting of the pilot’s head.  This head tilt phenomenon has been termed the 
OKCR and has been substantiated numerous times in the research literature (Gallimore et 
al., 2000; Gallimore et al., 1999; Braithwaite et al., 1998; Smith, Cacioppo, and Hinman, 
1997).  This is an important finding since what was thought to remain constant 
concerning the pilot’s frame of reference has been shown through the OKCR to reflect a 
contradiction in the way a pilot interprets the natural horizon versus their aircraft 
instruments, meaning the pilot’s frame of reference shifts between VMC flight and 
instrument or IMC flight if the OKCR is in effect.  In other words, when the natural 
horizon is removed (i.e., no longer viewable), the pilot now controls the aircraft by using 
cockpit instruments and shifts their frame of reference from one that previously viewed 
the natural horizon as being stable to one perceiving the aircraft instrument horizon as 
moving. This shift between VMC and IMC flight has been suggested to be a causal factor 
in occurrences of pilot spatial disorientation (Patterson et al., 1997).   
1.4.4 Implications for display design 
To date, the research into the OKCR for fixed-wing aircraft has shown 
manifestation of pilot head tilt solely during day VMC flight.  Regarding the OKCR and 
pilot use of HMDs, only on-axis symbology composing the PFD has been investigated in 
the OKCR research to examine the presence of pilot head tilt when using this type of 
display and symbology pairing (Gallimore et al., 2001, Liggett and Gallimore, 2001).  
The use of off-axis HMD attitude reference symbology has yet to be investigated to see 
what impact this type of symbology would have on pilots exhibiting the OKCR during 
aircraft maneuvering, either for VMC or IMC flight.  From previous OKCR research 
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using HMDs, it was found that pilots did not exhibit any head tilt using on-axis HMD 
symbology for Vertical-S maneuvers during VMC flight where the OKCR was 
previously shown to exist (Liggett and Gallimore, 2001).  This finding was thought to be 
due to the nature of the task which required pilots to focus on aircraft instruments to 
complete the aircraft maneuver instead of the natural horizon in order to achieve the 
established performance parameters of the study.  Consideration for the design of off-axis 
HMD symbology to support the switching of pilot orientation strategy (fixed 
horizon/moving aircraft in VMC and moving horizon/fixed aircraft in IMC) still needs to 
be investigated.  The degree to which the nature of the maneuver being performed by the 
pilot in VMC and the resulting impact on the manifestation of the OKCR is unclear and 
need of additional research in order to determine the design implications for HMD 
symbology.   
For pilot orientation strategies when using aircraft instruments, research is needed 
into the best design of HMD symbology to provide pilot awareness of aircraft attitude 
both on-and off-axis, that is, when the pilot is using the HMD for looking outside the 
aircraft cockpit and also for using the HMD looking forward inside the cockpit for 
primary instrument tasks, either in conjunction with a legacy HUD or for use as a “virtual 
HUD”.  Some of the prevailing off-axis HMD symbology designs investigated in existing 
research can be seen in Figure 12. 
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Figure 12.  Example off-axis HMD attitude symbology (Davy and Selcon, 1997). 
The degree to which these novel designs conform to the “t-scan” concept laid out 
by Svimonoff (1958) will possibly be the deciding factor into their effectiveness in 
keeping pilots aware of critical aircraft flight conditions without undo workload or 
degraded SA.  The question remains though, when a pilot has access to both an aircraft 
attitude reference off-axis in the HMD while at the same time having access to the natural 
horizon to obtain aircraft attitude, would the OKCR as described by Patterson et al. 
(1997) now be shown or would the pilot rely upon the HMD attitude reference for aircraft 
orientation when completing an task while off-axis (Figure 13)? 
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Figure 13.  Pilot with access to HMD attitude reference and horizon off-axis. 
Whatever strategy is adopted by the pilot for establishing and maintaining aircraft 
attitude awareness, the necessary beginnings to the establishment of SA lies with how 
visually prominent the information is in the environment, and one avenue of research into 
the basis for developing the prominence of information to stand out amid other features 
can be found in the Gestalt theory of perception. 
1.5 Gestalt Theory of Perception 
The basis for using a single object or shape to represent numerous data points in a 
system has its origins in the Gestalt theory of perception.  Gestalt translates from the 
German to mean “shape” or “configuration” and has as its core premise that the whole is 
greater (or different) than the sum of its parts.  A review of Gestalt theory by Rock and 
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Palmer (1990) provides insight into how the theory is tied to the idea of configural 
displays using emergent features: “Gestalt theorists maintained that the parts of the 
square  or tones of a melody  interact with one another and in doing so produce a 
perceived whole that is distinct from the sum of its parts. Shape and melody are examples 
of what they called emergent properties: overall qualities of an experience that are not 
inherent in its components”.  The Gestalt laws of grouping, such as closure, provide the 
basis for the human perceptual system to utilize its efficient processing capabilities to 
rapidly allow for the detection of information in the environment.  A newly proposed 
Gestalt property termed connectedness is highlighted by Rock and Palmer (1990) as 
being particularly important to efficient object perception, “Connectedness refers to the 
powerful tendency of the visual system to perceive any uniform, connected region… as a 
single unit.  It is a particularly good candidate for a law of grouping because it is perhaps 
the most diagnostic property of objects in the environment” (Figure 14). An up-to-date 
application of the Gestalt approach to form perception can be seen in the work done by 
David Navon (1977, 1981) concerning the theory of Global Precedence. 
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Figure 14.  Gestalt laws of grouping (Rock and Palmer, 1990). 
1.5.1 Global Precedence 
The Gestalt principles of grouping provide a guideline by which information can 
be grouped to become more noticeable or salient.  This is a very important aspect in the 
design of information for visual displays in order that operators can be cued to system 
states needing attention.  Bennett and Flach (1992) state that “the salience, or 
prominence, of a visual stimulus refers to how discriminable it is, independent of how 
useful this information is to an observer”.  A key aspect in display design should be to 
make the right information more salient to the operator at the right time but insure that 
this visually prominent information carries meaning related to operator goals.  The 
Global precedence theory of Navon (1977) is one attempt at the use of Gestalt theory to 
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group individual features to form a more perceptual whole and establish visual 
prominence.  
Navon (1977) suggests that depending on the kind of feature, global versus local, 
we are able to perceive and process a visual scene simultaneously (in parallel) versus 
feature-by-feature (in serial).  Navon’s research suggests that depending on the properties 
of the stimulus in the environment, “global features of a visual object that are within an 
observer’s effective visual span will be apprehended before its local features” (Navon, 
1977). In Navon’s (1977) research, the global features (large letters) are formed from the 
combination of the local features (smaller letters; see Figure 15).  Navon had subjects 
identify the global features represented by the larger letters or the local features 
corresponding to the smaller letters and measured the time needed for identification of 
each. Results showed that subjects were able to more quickly identify the global features 
than the local and were able to do so whether or not the local feature was consistent with 
the global (i.e., whether or not the smaller letter matched the larger).   
 
Figure 15.  Global and local features used by Navon (from Navon, 1977). 
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When asked to identify the local features, subjects responded faster if the local 
feature agreed with the global but slower when the global and local features were 
inconsistent.  That is, there was a cost in speed associated with identification of local 
features when they did not match the global but none for global features regardless of 
whether they matched the local features.  This perceptual advantage for global features is 
what Navon referred to as the global precedence effect, meaning “global structuring of a 
visual scene proceeds analysis of local features” (Navon, 1977).  As discussed next in 
more detail, additional research conducted on the global precedence by effect revealed 
limitations to this perceptual outcome.   
1.5.2 Limitations with global precedence 
Research conducted by Martin (1979) replicated Navon’s findings by 
demonstrating the same global precedence effect found from forming compound letters 
with dense local letters such as those shown in Figure 16, examples (a) and (b).   
However, when local features forming the compound letters were more widely spaced  
(or less dense) as in Figure 16 examples (c) and (d), the reverse of the global precedence 
effect occurs referring to what Martin (1979) called a local precedence effect,  in which 
subjects now responded faster in identifying the local features than the global.  Further, 
when the local feature did not match the global, the local feature interfered with the 
subject’s ability to identify the global feature.  The uncertainty of conditions under which 
the global precedence effect can occur (Pomerantz, 1983) and the limitations of its effect 
depending on stimulus size (Martin, 1979; Kinchla and Wolfe, 1979; Lamb and 
Robertson, 1990) renders the application of global precedence a limited option for 
practical use in the design of visual displays.   
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Figure 16.  Global precedence and local precedence effects (Sternberg, 1996). 
 
In referring to compound letters such as those in Figure 16, Navon (1981) points 
out that “most natural stimuli are not suitable for testing global precedence for three 
reasons: 1) in such a stimulus the global structure may not be equally complex and 
recognizable as the elements; 2) since all the features define the same object, a feature 
may be used to predict the identity of another one; 3) the features may not be equally 
codable.”  Bennett and Flach (1992) underscore the limitations for using traditional 
objects from the perception literature for real-world display design by commenting that 
“graphic displays are more complex than the stimuli typically used in the basic 
literature”.  Although the application of global precedence to display design is limited, 
the idea of designing cues for visual prominence or saliency that can be used in visual 
display design to facilitate parallel processing is an important one, and a more 
transferable theory to display design using such a basis can be found in the theory of 
emergent features (Pomerantz et al., 1977). 
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1.6 Emergent Features 
Pomerantz (1977) and his colleagues investigated visual pattern recognition to 
examine a long standing view of perception that identification of patterns in the 
environment begins with analysis of its component parts (Gibson, 1969; Neisser, 1967).  
Pomerantz et al. (1977) measured discriminability of line segments either presented in 
isolation or within configural contexts (Figure 17).  When content was added to line 
segments, geometric figures were formed that did not previously exist in the features 
individually (i.e., arrow and triangle).  Research results showed that the addition of 
context to isolated line segments in some cases produced a configural superiority effect 
where discriminability of features was significantly faster than parts shown in isolation.  
Pomerantz et al. (1977) referred to these superior configurations as emergent features 
since novel features emerge when content is added to isolated parts, further, 
“Improvement in perception when context is added implies that the novel features happen 
to be more discriminable than the features by the targets without context”.  Pomerantz 
and Pristach (1989) clarify the relationship between individual line segments and 
emergent features by stating “emergent features are relationships between more 
elementary line segments, relations that can be more salient to human perception 
than are the line segments themselves and that are apparently derived sooner”.     
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Figure 17.  Component versus configural features (Pomerantz et al., 1977). 
Although viewed as wholistic processing, emergent features are not equated with 
global features such as those investigated by Navon (1977, 1981).  Kimchi (1994) offers 
a distinction between global properties of objects and emergent features by stating 
“Global properties are defined by their position in the hierarchical structure of the 
stimulus, so that properties at the higher level of structure are considered more global 
than properties at the lower level of structure.  Wholistic or configural properties, on the 
other hand, are defined as a function of interrelations among component parts”.  
Pomerantz et al., (1977) point out that “wholes are perceived by their emergent 
features which are not the parts themselves but rather stem from the interaction of 
these parts”.  Thus when asking “How are emergent features detected?”, Pomerantz and 
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his colleagues (1977) state that “a figure such as a triangle is not recognized by the 
detection of its component line segments but by the detection of more complex features 
such as intersections or closedness” (i.e., Gestalt properties).  Most emergent features 
used in the research literature are typically triangles, polygons, or squares which are more 
natural objects to embody Gestalt principles of grouping for display design versus 
compound letters.  An early display design approach that makes use of emergent features 
in the form a single perceptual object (e.g., a triangle) to represent multiple sources of 
information is the object display.    
1.7 Object Displays 
An early use of a single object (an octagon) to aid recognition of multiple sources 
of information in a system can be seen in the Iconic display by Woods, Wise, and Hanes 
(1981).  An octagon shaped display was used along side a traditional mimic display to 
represent the major safety functions of a nuclear power plant (Figure 18).  Woods et al., 
(1981) simulated the water reactor of a nuclear power plant during normal and abnormal 
plant conditions for both the iconic and mimic displays and found that the prototype 
iconic display aided problem recognition. 
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Figure 18.  Iconic display (Woods et al., 1981). 
An object display has been described by Carswell and Wickens (1987) as being 
“any graphical technique that uses several dimensions of a single object to present 
multiple sources of information”.  In using a triangle as an object display to represent a 
system process control task (Figure 19), Carswell and Wickens (1987) found that the 
object display provided superior performance for failure detection for integration tasks 
over that of the bar graph, but the reverse was true during focused tasks where the 
integration of information was not required and the bar graph provided better 
performance.  Further research with object displays was conducted by Barnett and 
Wickens (1988) in which it was asserted that the difference in performance shown for 
object displays between integrated and focused attention tasks was due to the principle of 
compatibility of proximity.  According to Barnett and Wickens (1988), “this principle 
asserts that to the extent that multiple channels of information must be mentally 
integrated (proximate) such information should be physically integrated or proximate as 
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well. In contrast, to the extent that information from these channels must be kept distinct 
– then display proximity is harmful”.  
 
Figure 19.  Triangle object display and bar graph (Carswell and Wickens, 1987). 
The idea behind the compatibility of proximity principle is that when using an 
object display to represent multiple sources of information for a task that requires the 
integration of that information, operator performance will be enhanced using an object 
display over that of a display format using separable features such as a bar graph (Garner, 
1970), however when the task involves the discrimination of individual parameters (a 
focused task), object displays will suffer versus performance with a separable display.  In 
the Barnett and Wickens (1988) study, using a rectangle as an object display and a bar 
graph as a separable display, subjects performing a mock mission as a military pilot and 
had to determine whether or not to continue the mission based on a set of four parameters 
(i.e., fuel, headwinds, engine temp, and enemy intent).  The study’s findings replicated 
that of Carswell and Wickens (1987) in that performance for the integration task 
(consideration of all four factors) was better with the rectangle format versus the bar 
graph.   
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These finding along with previous work on object displays (i.e., Jones and 
Wickens, 1986; Wickens and Scott, 1983; Casey and Wickens, 1986) has been taken as 
evidence by Wickens and his colleagues that object displays are superior over that of  
separable displays for representing the integration of multiple sources of information due 
to the compatibility of proximity principle.  This theory has been challenged though, and 
it has been demonstrated that increases in operator performance for integration tasks is 
not dominated by the use of the compatibility of proximity principle but instead by the 
mapping of system information relevant to operator goals onto emergent features 
(Sanderson et al., 1989; Buttigieg and Sanderson, 1991; Marble and Proctor, 2000). 
In the study by Sanderson et al. (1989), subjects monitored a dynamic industrial 
process with two inputs and one output and had to identify when system outputs appeared 
to be abnormal.  A triangle display similar to what was used by Carswell and Wickens 
(1987) was used as the object display, and the separable display consisted of three types 
of bar graphs.  Of interest is the bar graph configured with the process output in-between 
the two inputs, referred to as the input-output-input (IOI) format, so that under normal 
operating conditions the bar representing the output was a proportion of the two inputs 
and provided an emergent feature of ascending or descending linearity (Figure 20).   The 
results of the study showed a clear performance advantage for the IOI bar graph over the 
triangle object display for an integration task.  Based off these findings, it’s proposed that 
integration tasks can be facilitated using separable displays when the separable display 
contains a strong emergent feature with system processes correctly mapped to convey 
abnormal system conditions and that performance can more accurately be predicted 
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based off the theory of emergent features versus the theory of compatibility of proximity 
(Buttigieg et al., 1988; Sanderson et al., 1989; Buttigieg and Sanderson, 1991).   
 
Figure 20.  Example of well-mapped emergent features (Buttigieg and Sanderson, 1991). 
Of particular importance in the design approach used by Sanderson et al., (1989) 
is the concept of mapping multiple sources of information onto emergent features using 
system invariants.  As stated by Sanderson et al. (1989), “Invariants are permanent 
physical properties of an object or system that remain the same across all superficial 
transformations unless an abnormality is present (Gibson, 1979)”.    The process invariant 
mapped onto the IOI bar graph (Figure 20) was the output value that was the average of 
the two input levels.  The type of display that emphasizes the use of emergent features 
mapped to system invariants is called a configural display. A summary of object displays 
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by type of shape used to examine integral versus separable displays can be seen in Table 
2. 
Table 2.  Object display research overview. 
SA 







Examined use of faces to represent complex data.  
Compared against polygons and glyphs (Anderson, 
1960). General finding that faces were better than other 
representations used for information integration.  
 √ 
Woods (1981) Octagon 
Used octagon shape display to represent major safety 
functions of nuclear power plant. Compared against 
traditional mimic display.  Prototype iconic display 






Examined use of triangle as object display compared 
against bar graph. Subjects performed a process control 
task requiring integration of several sources of 
information for Task 1, and the monitoring of specific 
system outputs for Task 2. Performance better with 
triangle for integration task but for focused monitoring 






Compared rectangle as an object display against a bar 
graph for integration and focused attention task.  
Rectangle display proved better for integration task, and 
although performance diminished during focused task, 








Compared a pentagon against a staggered bar graph in a 
chemical processing plant task with subjects monitoring 
the temperature of vats of chemicals (5 separate cues).  
Found a consistent advantage for the pentagon over the 
bar graph for integration of temperature information. 
 √ 
Wickens and 
Andre (1990) Rectangle 
Used rectangle and bar graph to represent airspeed, 
bank, and flaps in estimating aircraft stall with/without 
color coding. Without color, the rectangle had better 
performance for integrating information but focused 
attention was hindered.  With color, focused attention 
improved for the rectangle but took longer to process. 
 √ 
  
1.8  Configural Displays 
A configural display utilizes emergent features of objects to represent the 
integration of task relevant system information.  As described by Buttigieg and 
Sanderson (1991), “four straight lines can be joined to form a rectangle which produces 
the features of closure, area, and possibly symmetry.  These are called emergent features 
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because they arise from the arrangement of the lines without being identifiable with any 
single line.  The rectangle itself would be called a configural display because the 
configuration of its elements produced these emergent features”.  Bennett, Toms, and 
Woods (1993) point out that for configural displays, “the emergent features must reflect 
the inherent data relationships that exist in the domain―that is, the highly salient 
emergent features must correspond to the information needed to complete domain tasks”.  
The designer has to map or represent the important system information variables onto 
emergent features such that the shape of the emergent feature will show what data values 
are important to the operator.  It’s important that the techniques used to accomplish this 
takes into consideration the dynamic nature of the system so that the saliency of the 
emergent feature is most prominent at the time the information is most needed.  The 
consideration of how these design features “emerge” over time is an important factor 
since “if the emergent features do not correspond to critical information, these highly 
salient perceptual features will have to be ignored and could actually degrade 
performance” (Bennett, Toms, and Woods, 1993).  This process of mapping system 
invariants onto graphical elements to highlight critical information has been referred to as 
representation aiding (Woods, 1991). 
1.8.1 Representation aiding 
In graphical displays, representation aiding (Woods, 1991) is used to facilitate 
decision making by taking data depicting actual conditions in the environment and 
presenting it as an analog in a visual display using graphical techniques.  The aim of 
representation aiding is to help the operator solve problems or complete tasks by being 
able “to find the relevant data in a dynamic environment, to visualize the semantics of the 
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domain, and to reconceptualize the nature of the problem” (Bennett, Toms, and Woods, 
1993).  The goal is to provide a display that can represent both the high-level system 
constraints to track overall processes and system health (e.g., as in a traditional process 
control study) as well as the low-level data for specific variables or parameters that need 
to be evaluated (e.g., focused attention task).  A display that has shown the capability to 
provide this dual design approach is the configural display that “represents high-level 
constraints of the domain through the relationships among the low-level data that define 
the constraint…and is represented as an emergent property of the structure and behavior 
of the low-level data” (Bennett, Toms, and Woods, 1993).              
1.8.2 Separable versus configural displays 
In presenting system information to the operator, the design of the display can be 
set up as a separable display, where “each individual state variable has its own unique 
representation (e.g., a bar graph)” (Bennett et al., 1993) or as a configural display where 
an emergent feature represents the mapping of numerous individual variables onto a 
single geometric object (Figure 21).  A challenge in display design is to be able to present 
data that can be extracted quickly and accurately for focused tasks where individual 
variables require attention and for integration tasks where multiple variables are 
considered at once.  For configural displays to provide information noticeable for 
integrated tasks as well as focused tasks, it’s necessary to provide a degree of saliency to 
the individual data elements making up the display in addition to the saliency of the 
object formed from the parts (Bennett and Toms, 1991).   
This is not unlike the findings found by Hoffman (1980) for the effectiveness or 
likelihood of occurrence for global and local precedence effects.  Hoffman (1980) used 
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compound letters for memory probe tasks, and found that when distorting the local letters 
subjects were able to respond faster for identification of the global letter, and distorting 
the global letter allowed for faster identification of the local letters.  Kimchi (1992) points 
out that, “These findings suggest that global advantage may depend on the quality of 
information present at the global and local level”.  Likewise, for configural displays, the 
quality of the information presented for individual data elements can be formatted to 
increase their saliency leading to improved performance for focused attention tasks.  A 
common technique to achieve this is to provide color coding to important data elements 
to raise their visual prominence to operators.   
 




2.0 DESIGNING TO ENHANCE SITUATION AWARENESS 
The importance of effective design of information for visual displays has been 
highlighted by Endsley (1995), “the way in which information is presented via the 
operator interface will largely influence SA by determining how much information 
can be acquired, how accurately it can be acquired, and to what degree it is 
compatible with the operator’s SA needs”.  Designing visual displays to relate operator 
goals with task-relevant information to promote SA can be directly satisfied through the 
use of emergent features as shown from comments by Pomerantz (1986) who stated “an 
emergent feature is of no use in a discrimination task unless it differentiates among the 
stimuli to be discriminated and is mapped in a suitable fashion onto the required 
response”.  The use of configural displays in display design can provide a direct benefit 
to operator SA since emergent features combined with representation aiding (Woods, 
1991) are intended to represent the information important to operator goals.  This design 
approach provides for efficient information extraction without having to rely upon higher 
order cognitive processes by collocating goal relevant information on the emergent 
feature.  
Interface design guidelines proposed by Endsley (1995) details eight areas 
hypothesized to enhance the development of SA.  Among these is the stated preference 
for a design that provides for global SA.  According to Endsley (1995), global SA is “an 
overview of the situation across operator goals  at all times, while providing the 
operator with detailed information related to his or her immediate goals, as required”.  
Along with global SA, Endsley (1995) states that information presented “should be 
organized so that the information needed for a particular goal is collocated and directly 
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answers the major decisions associated with the goal”.  For achieving an interface design 
that facilitates SA, Endsley (1995) lists five areas needing more research to be identified.  
First among these is the need to determine how to identify and effectively deliver 
critical cues to the operator.  An overview of how configural displays have been used in 
the aviation domain to deliver these critical cues to operators is presented to show that the 
need still exists for better representation of aircraft flight information to facilitate pilot 
SA.  
2.1 Configural Displays in the Aviation Domain 
In the domain of aviation, the concept of using a single object to integrate 
multiple pieces of flight information can be seen in the use of the principal attitude 
reference in a head-up display (HUD).  A HUD uses a series of line segments that 
configure to form the perception of a ladder used to convey two critical aircraft flight 
parameters, climb angle and dive angle (Figure 22).  Aircraft climb/dive angle is 
referenced by comparing the aircraft symbol in the HUD against pairs of flight path angle 
lines having the appearance of a “ladder”.  Attached to these line segments are digital 
values providing flight path angle precision and redundancy to the analog representation 
of aircraft climb and dive.  The example shown in Figure 14 represents an early design 
approach used in some of the first aircraft to have a HUD (i.e., A-7).  Symbolic coding is 
used to differentiate flight conditions above the horizon (climb) from those below the 
horizon (dive).  Solid flight path angle lines are used above the artificial horizon line for 
climb while those below the horizon line are dashed.  Further coding used to distinguish 
aircraft climb and dive conditions are line segments on the ends of each flight path angle 
line that point to the artificial horizon line and a negative sign (−) next to the digital 
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values of dive to further indicate flight conditions below the horizon. The concept of 
emergent features and configural displays came about long after the advent of the HUD 
and the symbology used in it to represent flight information, but the HUD climb/dive 
ladder none-the-less is an example of an emergent feature that when critical flight 
information such as aircraft climb and dive are mapped onto it, the HUD ladder now 
represents a prototypical configural display.  
 
Figure 22.  Configural display of “ladder” for bank and climb/dive (Mil-Std-884, 1975). 
2.2 Review of HUD use in Instrument Flight 
During instrument flying conditions (e.g., no visible horizon), pilots must rely 
upon their cockpit instruments to maintain awareness of their aircraft’s attitude and have 
done so since 1929 when the first use of instruments to effectively perform “blind flights” 
was accomplished by Jimmie Doolittle using the gyro-based Sperry artificial horizon 
(Irvin, 1944).  Since that time, aircraft have become increasing complex leading to ever 
more complicated instruments being integrated into the cockpit to convey aircraft 
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attitude.   The early gyro-based attitude indicators (AIs) evolved into electromechanical 
AIs that utilized pictorial realism and color-coding to distinguish sky from ground 
(Reising, Liggett, and Munns, 1999).  This highly successful design works so well at 
conveying aircraft climb/dive and roll that the main limitation on pilot performance 
appears to depend on the size of the artificial horizon (Semple et al., 1971).  Even so, this 
type of AI resides inside the cockpit and constrains the pilot’s ability to simultaneously 
view the outside visual scene and reference their aircraft attitude display.  This limitation 
led to the eventual development of the HUD in the early 1960s (Naish 1961, 1962) that 
provided the capability to view aircraft flight information in the pilot’s forward field of 
view and the flight environment outside the cockpit at the same time (Figure 23). 
For aircraft attitude, the HUD provides a real world representation or “contact 
analog” of the natural horizon to the pilot as the principal means for determining aircraft 
climb/dive and roll.  The horizon line displayed to the pilot in the HUD combiner 
overlays its real world counterpart, thus it’s called a contact analog of its natural feature 
in the environment.  Although this capability of the HUD allows for a more efficient 
time-sharing of pilot attention between aircraft displays and the real world (Wickens, 
1992), the marked difference in coding methods used to depict aircraft attitude between 
the HUD and head-down AIs has placed demands on cognitive processing leading to 
pilot difficulty in monitoring attitude between the two displays (Schmit, 1982).      
The use of color coding in head-down AIs to depict sky is prohibitive in HUDs 
due to the amount of obscuration of the outside visual scene that would result and 
limitations with sufficient luminance contract to prevent color washout.  Instead of using 
color coding in HUDs, “highly symbolic codes are used that rely on lines, shapes, and 
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numerals to indicate pitch and roll information” (Taylor, 1984).  This limitation of the 
HUD to provide pictorial realism for aircraft attitude along with previous research 
concluding that HUD climb/dive scales lack natural and intuitive cues to convey aircraft 
attitude (Taylor 1982) point to a need to insure that the design of attitude references in the 
HUD be as easily discriminated as possible for the most critical flight conditions (e.g., 
dive conditions).  Highlighting this need is data showing that the U.S. Air Force loses on 
average about five aircraft each year with the primary cause being attributed to pilot loss 
of attitude awareness (Ercoline et al., 2000).   
 
Figure 23.  Modern HUD showing aircraft climb/dive angle lines. 
 Aircraft attitude displays are an excellent example of complex displays whose 
content changes over time and consist of complex coding to depict aircraft orientation 
(i.e., up from down). In addition to being complex, performance using the displays are 
critical and therefore need to be designed for quick interpretation. The speed of retrieving 
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the information is critical because in some flight conditions such as low level flight at 
high speed, small differences in response time (seconds) are operationally meaningful 
and can mean the difference between life and death. 
2.3 HUD Design Limitations and Alternate Formats 
Over the past 30 years, numerous studies have concluded that there exists many 
operational problems with using HUDs (Barnett, 1976; Newman, 1980; Roscoe, 1986, 
1987), and many of the research issues with HUD design have centered on determining 
the optimal format of the climb/dive ladder for rendering aircraft attitude (Chandra and 
Weintraub, 1993; Deaton et al., 1989; Ercoline et al., 1989; Guttman, 1986; Hall, 
Stephens, and Penwill, 1989; Newman, 1987; Weinstein and Ercoline, 1991).  Early 
design attempts to convey aircraft pitch and roll to the pilot focused on the use of separate 
displays.  One such design proposed by Ruffell-Smith (1948) provided separate pitch and 
roll indicators to allow the pilot to have finer resolution of each aspect of aircraft attitude.  
A study into the effectiveness of the separable display, called the Honick attitude 
indicator (Figure 24), led to inconclusive results as to its effectiveness as an aid for pilot 
unusual attitude recoveries (Barrows and Cameron, 1957). Needless to say, the use of 
separable displays did not prevail in the design of aircraft attitude indicators as it was 
deemed unnecessary to provide separate displays for pitch and roll in order for pilots to 
comprehend aircraft attitude.  Hence, the majority of aircraft indications of aircraft 
attitude are conveyed as configural displays that provide an integrated picture of aircraft 
pitch and roll.  Some of the most prominent configural display design formats used in 
aviation are examined in the following section as to their effectiveness in conveying 
aircraft attitude to the pilot.  
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Figure 24.  Honick attitude indicator for aircraft pitch and roll (Ruffell-Smith, 1948). 
2.4 Limitations of Aviation Configural Displays 
Configural displays used to convey aircraft attitude to the pilot are economical in 
that with limits on how much information can be placed within the display field-of-view 
(FOV), a display that integrates information into a single form is beneficial for reducing 
display clutter aside from any other benefits it may provide.  That said, not all configural 
display formats in modern HUDs are used to convey aircraft pitch and roll.  An example 
of a design approach for cueing the pilot of imminent ground collision is the 
“Breakaway-X” (Figure 25).  This example is highlighted since it actually represents the 
use of an emergent feature to capture pilot attention.  Although not specified as an 
emergent feature in the literature, as shown in Figure 25, two chevrons gradually move 
across the HUD display as unsafe altitudes increase to eventually form a large “X” 
covering most of the HUD. An optimal design solution though would be to approach the 
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issue of pilot attitude awareness directly by examining the HUD attitude reference with 
pilot perceptual capabilities in mind as has been done by Taylor (1988).      
 
Figure 25.  Emergent feature of “Breakaway-X” in HUD. 
Research conducted by Taylor (1982, 1984, 1988) focused on the perceptual issue 
of HUD design concerning the climb/dive ladder in conveying aircraft attitude to the 
pilot.  Taylor (1988) focused on the use of what he called global features (Navon, 1977) 
to produce a HUD climb/dive ladder design that emphasized changes in aircraft attitude 
by providing flight path angle lines that increasingly bent toward the horizon as climb or 
dive increased given the perceptual cue of a “funnel” (Figure 26). 
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Figure 26.  Design of HUD climb/dive ladder to produce “funnel” (Taylor, 1988). 
Taylor (1988) stated that “for tasks requiring rapid decision making, such as HUD 
attitude recovery, the emphasis in design should be on the quality of the global 
characteristics of display formats as well as on their detailed content”.  The research by 
Taylor (1988) is important in that it focused the design of the HUD on perceptual 
principles that would allow for rapid processing of aircraft attitude by the pilot.  It can be 
argued that what Taylor (1988) referred to as global features in his redesign of the HUD 
climb/dive ladder (Figure 26) are actually more representative of emergent features in 
that together the individual line segments combined to form flight path reference lines 
and a “funnel” when angled.  The “funnel” feature has a different perceptual quality from 
the climb-dive “ladder” and emerges over time to cue the pilot that aircraft flight 
conditions are sharply changing (e.g., funnel becoming more visually prominent). Like 
the polygon shape used by Woods et al.(1981) which cued operators of system imbalance 
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by altering the shape of the configural display, the “funnel” in Taylor’s design acts as an 
attentional cue to make the pilot aware of changing conditions in the aircraft.   
The redesigned shape of the HUD climb/dive ladder by Taylor (1988) should 
provide an increase in pilot SA for aircraft climb/dive and roll in that it now facilitates the 
pilot’s awareness of actual magnitude of climb-dive angle, rate of change in aircraft 
attitude, and direction to the horizon all informational components required by the pilot 
when attempting to recovery the aircraft from an unusual or unexpected attitude.  Even 
with these design changes, there are still limitations of the HUD climb-dive ladder for 
quickly capturing pilot attention and facilitating aircraft recovery from unusual attitudes:   
1) Attitude awareness is still impacted by rapid changes in aircraft climb/dive 
since the numerals attached to the flight path angle lines are difficult to read when the 
ladder is “scrolling” through the HUD combiner (Fisher and Fuchs, 1992). 
2) The saliency of the funnel is limited by the HUD field of view thus truncating 
its effectiveness to about 20-degrees or four flight path angle lines (Figure 27). 
3) The pilot’s awareness of climb or dive is limited to about 10% of the aircraft’s 
attitude envelope since most of the attitude reference is not viewable (20-degrees 
viewable versus ± 90-degrees possible). 
In an effort to counteract these limitations with the HUD climb/dive ladder, 
researchers working with the German Air Force developed a novel attitude reference 
called the “Orange Peel” (Figure 28), termed thus by the pilots who first participated in 
flight trials with the display (Fisher and Fuchs, 1992). 
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Figure 27.  Limitation in viewing climb/dive ladder imposed by HUD field of view.  
At straight and level flight, a 180-degree attitude arc is presented below the aircraft 
symbol.  The Orange Peel conveys dive angles by increasing the amount of attitude arc 
displayed to form a more complete circle.  During climb, the attitude arc shrinks to 
indicate increasing climb angles until, at 90-degrees climb, only the Orange Peel gap 
marks remain.  Bank angles are determined by comparing the center of the attitude arc to 




Figure 28.  Original “Orange Peel” design depicting level, climb, and dive attitudes.  
Following two simulator trials in 1987 and 1990 and a flight test in 1989, a 
second version of the symbology was designed based on pilot recommendations and 
flight test and simulator data (Fuchs and Fisher, 1995).  This version of the symbology 
was called the Arc Segment Attitude Reference (ASAR) and designed with dots and gaps 
in the attitude arc to convey a more precise analog representation of climb/dive attitudes 
and bank.  The ASAR displays dots and gaps at ± 30 degrees and ± 60 degrees of 
climb/dive angle.  Following an additional flight test evaluation in 1991-1992, further 
modifications included a fixed dash mark at the bottom of the ASAR as a roll reference 
and a triangle serving as a ground pointer (Figure 30).    
 
Figure 29.  Determination of bank angle and climb/dive with the “Orange Peel”.  
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Interestingly, throughout its development, the ASAR was compared along side the 
HUD format developed by Taylor (1988) for every simulator and flight trial used.  Both 
displays proved to provide better flight performance and pilot orientation over the 
traditional HUD that did not have the improvements developed by Taylor (1988).  A key 
difference was found between the ASAR and the new articulated HUD during flight trials 
for high dynamic maneuvering.  As uncovered in this flight regime, “orientation was 
possible with both displays, but the pitch bar display needed a high level of attention, 
thus increasing workload” (Fisher and Fuchs, 1992).   
 
 
Figure 30.  ASAR design depicting climb and dive attitudes (Fuchs and Fisher, 1995).  
There is no mention in the research papers covering the development of the 
ASAR as to the rationale for using the circular shape other than this format allows pilots 
to have complete access to the total attitude range of the aircraft (± 90 degrees), and that 
this shape was easy to interpret (Fisher and Fuchs, 1992).  The features of the ASAR that 
are related to the emergent feature theory of Pomerantz et al. (1977) can be seen in Figure 
31.  The ASAR is comprised of many individual curved line segments that when fully 
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displayed configure to depict an almost complete circle.  This aspect of the design is 
representative of an emergent feature that is dynamic and emerges over time to become 
most salient during the critical aspect of the flight environment, that is, the ASAR 
becomes most noticeable to the pilot when the aircraft is in a steep dive.  The design 
aspect of the ASAR to become most salient during dive conditions fits with an important 
design aspect of configural displays highlighted in research by Buttigieg and Sanderson 
(1991) that concluded “features can be made to emerge over time just as much as over 
space, and that this fact can be exploited to represent important changes in a dynamic 
process”.   
 
Figure 31.  ASAR display most prominent at 90-degrees of dive angle. 
 
2.5 Configural Display Design Guidelines 
Configural displays that directly represent the needed information relevant to 
operator goals should provide for a higher level of SA than through the use of emergent 
features alone.  A summary of design recommendations for configural displays from a 
review of the literature is shown in Table 3.   
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Table 3.  Summary of design recommendations for configural displays. 




The critical determinant of display effectiveness may be the degree to which goal-
relevant task invariants are mapped onto display emergent features. 
Sanderson et al., 
1989 
Invariants should be expressed as an emergent property of the visual stimulus. 
Buttigieg and 
Sanderson, 1991 
a) To use emergent features effectively for display design, knowledge of the 
operator’s tasks and the goal states of the process are crucial. 
 
b) Emergent features are useful only to the extent that they discriminate goal-relevant 
system states. The more the emergent feature carrying the information pops out, the 
more effectively system states will be discriminated. 
 
c) Configural displays features must emerge over time just as much as over space in 
conveying information about processes that vary over time. 
Bennett and 
Toms, 1991 
a) The effectiveness of a configural display in facilitating performance on integration 
tasks depends on how well the critical information from the underlying domain has 
been encoded into the static form and dynamic behavior of a display. 
 
b) Color-coding the graphical elements of a configural display has the potential to 
mitigate the performance decrements associated with focused tasks.  
Wickens and 
Andre, 1990 
Research has revealed that combining spatial and non-spatial dimensions (color and 
shape) into a single object facilitates initial parallel processing of both dimensions in 
a way that will support both focused attention and information integration 
(Kahneman and Triesman, 1984; Triesman, 1986). 
Bennett and 
Flach, 1992 
To the extent that emergent features correspond to critical aspects of the domain, 




a) First, the semantics of the domain must be determined.  Second, a display must be 
designed that produces emergent features that directly reflect the domain semantics. 
 
b) If the emergent features do not correspond to critical information, these highly 
salient perceptual features will have to be ignored and could actually degrade 
performance.  
 
c) If the value of an individual variable is critical, then a digital display would 
provide greater precision than would and analog representation. 
 
d) For the extraction of low-level data, the critical design consideration is to raise the 
perceptual salience of the graphical elements in a display relative to its emergent 
features (e.g., color coding). 
Calcaterra and 
Bennett, 2003 
Dynamic [digital value] placement increases the probability that existing data 
relationships will be attended to since the digital variables are embedded in the 
graphical data relationships portrayed by the configural display. 
Pomerantz et al., 
1977 
A figure such as a triangle is not recognized by the detection of its component line 
segments but by the detection of more complex features such as intersections or 
closedness. 
Woods et al., 
1981; Wickens, 
1986 
To minimize errors from scanning and searching, integrate system parameters that 
must be considered in evaluating a process within a single attentional field (i.e., 




2.6 Research Focus 
Research into the optimal presentation of information in visual displays to provide 
highly salient cues to operators has yet to be fully defined in the SA literature.  It is 
hypothesized by Endsley (1995) that for SA to be achieved, it is first necessary to 
establish a design approach that facilitates the highlighting of information in displays that 
relates to operator goals.  Configural display research has shown that by integrating 
multiple data elements into a single object that is highly salient for goal-relevant system 
states, operator performance will be enhanced.  The idea that the configural display 
approach to represent information related to operator goals and satisfy the provision of 
salient cues needed for operator SA development is untested and the approach 
investigated in the current research.   
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3.0  GOALS, OBJECTIVES, AND HYPOTHESES 
3.1  Research Goal 
 
The three theories that are described in the current research, emergent feature, 
configural display, and situation awareness theory have a common tie in that all three 
theories have some dependency on operator goals.  This common aspect of the three 
theories is what serves in providing a basis for the formation of operator SA.  All three 
theories support the use of a display design approach that provides for a representation of 
operator goals and system invariants collocated and arranged into a single highly 
perceptually salient object (Figure 32). 
 
Figure 32.  Operator goals link cognitive and perceptual theories of design.  
 
The goal of this research is to determine if configural displays that present an 
integrated picture of task information will allow users to quickly detect cues relevant to 
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their current goal and form the basis for Level 1 SA, the perception of elements in the 
environment.  Using configural displays as a vehicle to provide information salience to 
operators with the intent being to produce a gain in operator SA raises many questions.  
Is the increase in operator performance that has been shown in the numerous studies for 
configural displays in fact due to an increase in operator SA? What design features of 
configural displays contribute to the formation of SA, meaning is it sufficient to just use 
an emergent feature or is more rigor required? Are operator performance gains due 
simply to a drop in task workload with configural displays versus an increase in operator 
SA?  These questions have yet to be investigated in the literature concerning SA.  The 
idea of using display design techniques to heighten the saliency of information in the 
environment and thereby facilitate the formation of operator SA has been proposed by 
Endsley (1995) but has yet to be tested for configural displays. 
The three aircraft configural displays for this research were from the domain of 
aviation and are used to represent aircraft attitude during flight.  The traditional shape 
used to depict aircraft climb and dive angles in the HUD is the “ladder” formed from the 
combination and arrangement of multiple flight path angle lines.  Two of the configural 
displays used, the Joint Strike Fighter (JSF) HUD and Dual Articulated (DA) HUD, used 
the ladder shape as the basis for conveying aircraft attitude to the pilot.  The third 
configural display, the Arc Segment Attitude Reference (ASAR), used an arc shape that 
expanded during dive angles to become more circular and contracted during climb with 
the arc reducing in size as climb angle increased.  The way in which the configural 
displays varied in shape for representing aircraft climb and dive can be seen in Figure 33. 
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Figure 33.  Configural display features of the JSF, DA, and ASAR HUDs.  
3.2 Research Objectives 
3.2.1 Objective 1.  Investigate the theory put forth by Endsley (1995) that the 
use of highly salient cues in visual displays forms the basis of Level 1 SA.  Recall that 
Bennett and Flach (1992) state that “the salience, or prominence, of a visual stimulus 
refers to how discriminable it is, independent of how useful this information is to an 
observer”.  The difference between emergent features and configural displays is emergent 
features provide information salience (information discrimination) whereas configural 
displays represent the emergent feature mapped to correspond to the information needed 
to complete domain tasks (Bennett, Toms, and Woods, 1993).  The design aspects of 
configural display thought to impact the formation of SA in the current research can be 
seen in Table 4.  These design elements of configural displays could potentially establish 
operator SA through the use of emergent features, thereby fulfilling the cue saliency 
requirement for Level 1 SA, and this objective was investigated in Experiment 1.  
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Experiments 1-4 in the current research compared the three configural displays in 
Figure 33 as to how the configural display design features in each display conveyed 
information saliency (Level 1 SA) and mapped aircraft attitude for climb and dive angles 
(Level 2 SA) to express the information needed to complete the required task.   For 
Experiment 1, the configural displays were examined for static presentations versus the 
normal dynamic environment in which they are used to evaluate how each display 
conveys aircraft attitude to the pilot when the display is briefly visible.  How would the 
displays differ in their ability to convey aircraft attitude when the information must be 
sampled quickly?   
The three configural displays in Experiment 1 were briefly presented to pilots and 
then removed from the display. Answers to questions regarding aircraft climb and dive 
angles served as an explicit measure of SA through the comparison of pilot answers to 
the actual aircraft attitude presented.  The design features of the configural displays were 
compared as to how they conveyed the information for aircraft climb and dive to the 
pilot.  What design aspects of the configural displays would facilitate information 
extraction, that is, the ability of the pilot to perceive the required information as well as 








Table 4.  Features of configural displays that facilitate the formation of SA. 















form the shape of a 
“ladder”. The 
shape of combined 
lines expressing the 
ladder is distinct 
from the individual 
lines themselves. 
No. The lines of 
the ladder are 
mapped to 
represent aircraft 
attitude, but only 
a partial amount 
of the total range 
of attitude is 
visible to the 
operator (about 
±10º of a possible 
±90º of attitude). 










climb and shape 
coding for dive. 
No. The JSF 






bent lines for 


















Same as JSF.  The 
configural feature 
of a ladder is 
expressed from 
individual lines 
that when grouped 
in proximity to one 
another provide a 
distinct perceptual 
feature of a ladder. 
No. The lines of 
the ladder are 
mapped to 
represent aircraft 
attitude, but only 
a partial amount 
of the total range 
of attitude is 
visible to the 
operator (about 
±10º of a possible 
±90º of attitude). 









shape coding for 
both climb and 
dive. 
No. The DA 
HUD ladder is 
composed of 
progressively 
bent lines for 
climb and dive 
angles, but the 















Yes.  Arc 
expands to 
form a circle 




















arranged to form 
the shape of an arc. 
Yes. Aircraft 
attitude is mapped 
onto the arc of the 
ASAR.  The arc 
represents climb 
angle when the 
arc contracts to < 
½ of a circle.  
When expanding 
in shape >½ of a 
circle, the arc 
represents dive 
angle.  The full 
range of aircraft 
attitude is visible 
to the operator 
(±90º of attitude). 
Yes. The arc 
changes shape to 
convey climb 
and dive, rotates 




“gap” in the arc 
and horizon 
“pointers” at 




the property of 
closure for 
dive angles by 
increasing 
closure as dive 
angle increases 
to form a 





3.2.2 Objective 2. Objective 2 investigated the factors that contribute to the 
level of SA within a configural display (Table 4) during a dynamic control task.  Do 
design differences in configural displays produce differences in operator SA?  To address 
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this objective and provide relevance to actual systems being used today in the aviation 
domain, a real world task using real world displays was utilized.  Objective 2 moves 
beyond what was investigated in Objective 1 by examining how aspects of configural 
display design facilitate operator SA beyond Level 1 SA, that is, how do differences in 
the design of configural displays enhance the operator’s comprehension of the 
information presented in the display as well as predicting future system states?   
To examine this objective, Experiment 2 had participants complete unusual 
attitude recoveries (UARs) on-axis in a HMD for the three configural displays in Figure 
33.  The UAR task is a control task requiring the operator to quickly recognize aircraft 
orientation and horizon location and recover the aircraft back to straight-and-level flight.  
The UAR task breaks down into three distinct actions that build upon each in order to 
effectively complete the task, 1) the perception of aircraft information (Level 1 SA – 
perception of display elements), 2) the comprehension of the aircraft’s attitude (Level 
2 SA – comprehension), and 3) the awareness of needed directional inputs to arrive at 
the horizon (Level 3 SA – projection of end state).   Experiment 2 compares operator 
performance for the UAR task using the three configural displays: JSF HUD, DA HUD, 
and ASAR HUD symbology.  Differences in operator performance and SA ratings (post 
trial SART questionnaire) were assessed for the three configural displays for awareness 
of aircraft attitude.  Operator differences in obtaining levels of SA were assessed through 
differences in operator performance (implicit measure of SA) as well as the SA ratings 
following task completion (subjective SA measure).   
Experiment 2 simulated IMC flight conditions so that participants only had access 
to the HMD symbology for conveying aircraft attitude and not any other information 
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sources that would provide clues to completing the task objective. Experiment 2 
compared the design features of the three HMD symbology formats (i.e., configural 
displays) for a dynamic recovery task to establish if any difference in SA is brought about 
through differences in configural display design (Table 4). Differences in operator 
performance could arise from how the configural displays are different in terms of the 
information mapped onto the emergent features to represent information needed for task 
completion. 
3.2.3 Objective 3. Investigate the impact on operator SA for switching between 
two configural displays while completing a task.  Experiment 3 required the operator to 
perform a UAR for simulated instrument conditions (no outside scene) while 
transitioning from off-axis (looking to the side) to on-axis (looking forward) to examine 
the effects of switching between similar and dissimilar configural displays in the HMD.  
This experiment was similar to the task in Experiment 2, except the UAR began with the 
operator looking off to the side (90-degrees to the right).  This meant that the operator’s 
SA should have already been established prior to switching from a side view to a forward 
view (performance measures taken to ensure this is so), but what would be the impact on 
operator SA concerning aircraft attitude when this abrupt transition occurs?  This 
question has not been examined in previous research, either from the perspective of 
configural display design in general or implications for operator SA in particular. Insight 
into the benefits of keeping display formats consistent is shown in previous research 
conducted by Davy and Selcon (1997) that revealed a significant improvement in pilot 
performance during mission relevant tasks when the off-axis attitude reference more 
closely matched what was displayed in the HUD (i.e., on-axis display).  Davy and Selcon 
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(1997) used a typical RAF Fast-Jet HUD symbology for the on-axis symbology and a 
reduced HUD climb-dive ladder for the off-boresight attitude reference and reported an 
interesting observation about the performance gains for the HUD compatible off-
boresight attitude reference: “One reason for its superior performance compared to the 
other displays may have been that the same symbology was displayed on the HUD and 
HMD, encouraging smooth transitioning between the two displays”.  This limited finding 
by Davy and Selcon (1997) suggests that there could be some performance gains from 
display consistency when transitioning between formats, however this idea has not been 
extensively researched nor has the implications for operator SA been established.  
Experiment 3 would seek to illuminate this knowledge gap. 
The transitional UAR task for Experiment 3 always had the ASAR symbology 
displayed in the HMD off-axis but varied which configural display was presented on-
axis, the JSF HUD, Dual Articulated HUD, or the ASAR HUD.  Measures of SA for this 
task included CREs occurring during the point of transition between the off-axis and on-
axis displays (CRE = confusion measure during transition).  Experiment 3 evaluated the 
implications of having configural displays with differences in the mapping of aircraft 
attitude and switching between configural displays  during task completion.  Since all 
three on-axis displays possess emergent features that would be effective at capturing 
operator attention (Level 1 SA), differences in operator performance could arise from 
how the interaction of the on-axis and off-axis configural displays impact the operator’s 
ability to complete the UAR task, meaning the difference in information mapping for the 
off-axis configural display compared to an on-axis configural display that has a different 
mapping of task information could enhance (when similar mapping is present) or 
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degrade (when dissimilar mapping is present) operator recoveries when switching 
between the two displays.  Results of this task have practical application to HMDs being 
developed today for such aircraft as the F-35 Joint Strike Fighter which has yet to select 
the format that will be used to convey off-axis attitude information to the pilot.  Pilots in 
aircraft such as the F-35 are required to frequently switch between aircraft attitude 
display formats when looking forward in the cockpit (on-axis) and when looking outside 
the cockpit (off-axis) using the HMD.  Knowing the impact on pilot safety and 
performance for instances when aircraft recovery would be necessary are important, and 
the question of incompatibility of configural displays when mapped differently for task 
information needs to be addressed.     
3.2.4 Objective 4. The task for Experiment 4 was the same as in Experiment 3 
(described above) but was conducted with an out-the-cockpit visual scene (instead of a 
grayed-out view in Exp. 3) as the initial view off-axis.  Experiment 4 investigated a more 
real world use of configural displays for the transitional UAR task found in Experiment 3 
by examining the presence of visual flight conditions (outside scene available vs. being 
absent) on the interpretation of the configural display being used off-axis.  Experiment 4 
served as a check that the results from Experiment 3 would transfer across flying 
conditions, instrument flight or visual flight conditions.  The HMD has been used in 
fighter aircraft as a within-visual-range target cuing device, meaning pilots would 
visually acquire targets of interest with weapon symbology on the HMD, and this is done 




3.3 Measuring SA 
In the design of visual displays, the system designer must have some way to 
determine if display A provides better SA than display B.  In a review of SA 
measurement, Uhlarik and Comerford (2002) provide an overview of the three major 
categories of SA in research (Table 5). 
Table 5.  Categories of SA measurement (Uhlarik and Comerford, 2002). 
Categories Subcategories 
Subjective Measures 
• Direct Self-Ratings 
• Comparative Self-Ratings 
• Observer Ratings 
Explicit Measures 
• Retrospective Measures 
• Concurrent Measures 
• Freeze Technique 
Implicit Measures 
• Global Measures 
• External Task Measures 
• Embedded Task Measures 
 
3.3.1 Subjective measures of SA 
Subjective measures of SA are meant to complement, not replace, the use of 
objective measures of SA.  This is due in large part to previous research which has 
demonstrated that information collected about mental processes at the end of task 
completion raises the risk of operators over generalizing and rationalizing task results 
(Nisbett and Wilson, 1977).  Jones and Endsley (2004) point out that an operator’s 
response to SA questionnaires administered following task completion “can be influenced 
by memory decay (as it is taken at the end of an event) and by performance outcome (i.e., 
a person who successfully performs a task may rate SA higher based on the positive 
outcome of the event)”.   
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A subjective rating scale commonly used for the quantification of operator SA in 
the aviation domain developed by Taylor (1990) is the Situation Awareness Rating 
Technique (SART).  The SART scale is a subjective measure of operator SA for three 
dimensions associated with task completion: demands on attention, supply of attention, 
and situational understanding (Figure 34).  The scale is composed of 10 questions 
grouped within the three major SART categories and requires operators to rate on a scale 
of 1 to 7 their responses to each question.  Overall SA is obtained by using a formula to 
arrive at operator SA for a given task (Taylor and Selcon, 1994).  The SART scale is used 
in the current study for Experiments 2-4, and is an appropriate subjective rating scale to 
use for the UAR experimental task as the SART scale was developed by Taylor (1990) 
utilizing aircrew knowledge.   
3-D 10-D Description 
Instability of Situation Situation’s likeliness to change suddenly 












Variability of Situation The number of factors changing 
Arousal of Situation Degree of alertness/readiness for activity 
Concentration of Attention Degree to which thoughts are brought to bear 











Spare Mental Capacity Mental ability available for new variables 
Information Quantity Amount of knowledge received and understood 















Familiarity Degree of prior situation experience 
 
Figure 34.  Dimensions of SART scale for SA assessment (Denford et al., 2004). 
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Although limited by the subjectivity of operators estimating their own SA, rating 
scales for SA given post-task are very often necessary due to the constraints of real-time 
tasks that do not allow SA to be measured concurrently.  
3.3.2 Explicit measures of SA 
Explicit measures require participants to self-report task details from memory 
(Fracker, 1991). As summarized by Uhlarik and Comerford (2002), “Pilots may be asked 
to recall variables associated with the most recent state of the aircraft. As such, the 
measure might assess whether the pilot was able to correctly recall the aircraft’s most 
recent altitude, speed, location, etc. Several researchers (Endsley, 1995; Fracker, 1991; 
Wickens, 1992) agree that these measures have high construct validity because the data 
collected is consistent with most theories of SA”. Regarding the use of explicit measures 
of SA, Endsley (1995) states that explicit measures are objective because the participants’ 
reported answers can be directly compared with the actual data from the task (e.g., RMS 
error of known and reported value).  The self-report technique for assessing SA is used in 
the current study for Experiment 1 where pilots are asked to report back regarding last 
viewed aircraft state following the removal of the primary flight reference from the 
screen. 
3.3.3 Implicit measures of SA 
As described by Uhlarik and Comerford (2002), “Implicit measures are different 
than other types of SA assessments in that the awareness of operators is not assessed 
directly but is merely implied by their performance”. The implicit SA measurement 
approach is utilized in the current study (Experiments 2-4) due to the nature of the UAR 
task requiring immediate participant response to task conditions and the inability to 
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disrupt the UAR task without confounding performance outcomes. Hence, the assessment 
of SA was inferred through operator performance observed following experimental 
treatments.  Pritchett et al. (1995) suggest that implicit measures of SA have high 
predictive validity because they provide information regarding when and how operators 
react to real situations where time pressures are present, such as when performing a UAR 
control task (Uhlarik and Comerford, 2002). 
3.4 Hypotheses 
The concept for the current research is that the use of emergent features in visual 
display design to produce configural displays will facilitate the formation of operator SA 
and in turn improve operator performance for integration tasks.  The formation of 
operator SA is dependent upon the design of the emergent feature and how effectively 
system information is mapped to form the configural display to convey operator goals for 
the task at hand.  The operator’s goals, seen as top-down decision processing (Casson, 
1983) work in conjunction with other mechanisms to direct attention to relevant 
information in the environment.  The combination of perceived information from Level 1 
SA (bottom-up processing) and operator goals (top-down processing) together provide 
the meaning and relevance to assimilated information from the environment and 
comprise Level 2 SA. To evaluate this concept, four specific hypotheses related to the 
tasks for objectives 1-4 will be investigated.  The specific hypotheses to be tested are 





Table 6.Matrix of hypotheses 
EXP HYPOTHESES 
Hypothesis:  There will be a 
difference in task correctness and 
RMS error values among three 
configural display formats with 
different visually prominent emergent 
features. 
Null Hypothesis:  There is no 
difference in task correctness or RMS 





Rationale: Endsley (1995) theorized that SA increases as information in 
visual displays is designed to be more perceptually salient and convey 
operator goals.  
 
Expectation:   
The ASAR format is most visually prominent due to the use of the emergent 
property of closure and its shape mapped to covey the full range of system 
information within the display.  Although the JSF and DA HUD formats are 
configural displays, they do not utilize closure to the same extent as the ASAR 
and are not mapped to convey system information fully within the display 
space and therefore are not expected to be as visually prominent (salient) or 
convey task information as well.   
 
2 
Hypothesis 1: There will be a 
difference in operator UAR 
performance among three configural 
displays that have different visually 
prominent emergent features. 
 
Hypothesis 2:  There will be a 
difference in UAR task performance 
for pilots and non-pilots when using 
three configural displays with 
different visually prominent emergent 
features. 
 
Hypothesis 3:  There will be a 
difference in operator SA ratings 
among three configural displays for 
the UAR task. 
 
Hypothesis 4:  There will be a 
difference in operator workload 
ratings among three configural 
displays for the UAR task. 
Null Hypothesis 1: There will be no 
difference in operator performance 
for UARs among the three configural 
displays. 
 
Null Hypothesis 2:  There will be no 
difference in UAR performance for 
pilots and non-pilots when using three 
configural displays with different 
visually prominent emergent features. 
 
Null Hypothesis 3:  There will be no 
difference in operator SA ratings for 
the three configural displays. 
 
Null Hypothesis 4: There will be no 
difference is operator workload 
ratings among three configural 




Sanderson et al. (1989) demonstrated that the emergent feature that best 
conveys operator’s goals within the high-level system constraints will be more 
salient to the operator, further, SA is facilitated by the more salient (visually 
prominent) emergent feature. 
 
Configural displays features must emerge over time just as much as over space 
in conveying information about processes that vary over time (Buttigieg and 
Sanderson, 1991). 
 
Experts have more developed mental models than novices, and there is a need 
to determine how SA is developed for these two groups. Endsley (1995) states 
that “top-down processing [operator goals] will operate in tandem with 
bottom-up processing [perception] in which salient cues will activate 
appropriate goals and models”. 
 
Experts can be biased toward the display that they have experience with 
(Liggett, Reising, and Hartsock, 2000), hence novices are used to act as a 
control group for the three displays. 
 
Expectation:  
The ASAR conveys differences between climb and dive angles more 
distinctively (i.e., circle expands for dive, contracts for climb) than JSF and 
DA HUD ladder formats.  Sanderson et al. (1989) proposed that configural 
displays that emerge over time to be more distinct from one system state to 
another would best convey information to the operator, therefore expect 
attitude to be best conveyed by the ASAR over ladder configural displays. 
 
The DA HUD format could be disadvantaged by the USAF recovery 
procedure used in the task that prohibits rolling into the “funnel” during climb 
UARs (effect of prior training).  This could impact initial RTs causing them to 
be slower. 
 
It is expected that experts and novices will perform the same when using the 
ASAR display. 
 
Expect to accept the null hypothesis for operator workload ratings. 
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EXP HYPOTHESES 
Hypothesis 1: There will be a 
difference in operator UAR 
performance when switching between 
displays for the off-axis UAR task. 
 
Hypothesis 2:  There will be a 
difference in performance for pilots 
and non-pilots when switching 
between displays for the off-axis 
UAR task. 
 
Hypothesis 3: There will be a 
difference in operator SA ratings for 
the off-axis UAR task when 
switching between similar versus 
dissimilar displays. 
 
Hypothesis 4:  There will be a 
difference in operator workload 
ratings when switching between 
displays for the off-axis UAR task.  
Null Hypothesis 1: There is no 
difference in operator performance 
for the off-axis UAR task when 
switching between displays. 
 
Null Hypothesis 2:  There is no 
difference in UAR performance for 
pilots and non-pilots when switching 
between displays for the off-axis 
UAR task. 
 
Null Hypothesis 3: There is no 
difference in operator SA ratings 
when switching between similar 
versus dissimilar displays for the off-
axis UAR task. 
 
Null Hypothesis 4:  There will be no 
difference is operator workload 
ratings when switching between 
displays for the off-axis UAR task. 
3 
Rationale: 
Davy and Selcon (1997) found a significant improvement in pilot performance 
when the off-axis attitude reference in the HMD more closely matched what 
was displayed in the HUD and hypothesized that having the same symbology 
displayed on the HMD and HUD encouraged smooth transitioning between 
the two displays. 
 
Expectation: It’s expected that having similar formats presented off-axis and 
on-axis (i.e., ASAR to ASAR transition) will ease the transition between 
displays and promote less control reversal errors.   
 
It is expected that pilots will report a higher SA rating when configural 
displays are similar. 
 
Expect to accept the null hypothesis for operator workload ratings. 
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EXP HYPOTHESES 
Hypothesis 1: There will be a 
difference in operator performance 
when switching between displays and 
outside visual cues are present for the 
off-axis UAR task. 
 
Hypothesis 2:  There is a difference 
in performance for pilots and non-
pilots when switching between 
displays and outside visual cues are 
present for the off-axis UAR task. 
 
Hypothesis 3: There will be a 
difference in operator SA ratings for 
the off-axis UAR task when 
switching between similar versus 
dissimilar displays. 
 
Hypothesis 4:  There will be a 
difference in operator workload 
ratings when switching between 
displays for the off-axis UAR task. 
Null Hypothesis 1:  There will be no 
difference in operator performance 
when switching between displays and 
outside visual cues are present for the 
off-axis UAR task. 
 
Null Hypothesis 2:  There will be no 
difference in UAR performance for 
pilots and non-pilots when switching 
between displays and outside visual 
cues are present for the off-axis UAR 
task. 
 
Null Hypothesis 3: There is no 
difference in operator SA ratings 
when switching between similar 
versus dissimilar displays for the off-
axis UAR task. 
 
Null Hypothesis 4:  There will be no 
difference is operator workload 
ratings when switching between 
displays for the off-axis UAR task. 
4 
Rationale: 
Dual-mode theory of visual perception states that we use a focal mode of 
vision for object identification and recognition and an ambient mode of vision 
for locomotion and spatial orientation (Leibowitz and Post, 1982; Leibowitz et 
al., 1982; Leibowitz and Owens, 1986).  The UAR task is an instrument 
intensive task that requires predominant use of focal vision.  Effects of outside 
visual cues will most likely be ignored by the operator. 
 
Expectation: There will be no impact of the addition of a visual scene since 
participants will focus attention on the HMD symbology to complete the 
UAR. 
 
Expect less control reversal errors when transitioning from ASAR off-axis to 
ASAR on-axis.  
 
It is expected that pilots will report a higher SA rating when configural 
displays are similar. 
 






The investigation of configural displays to promote the formation of operator SA 
was divided into four experiments.  The four experiments built upon one another in 
examining the contributions of configural display design properties to the formation of 
operator SA.  Experiment 1 examined the perceptual aspects of SA and how quickly 
information could be extracted from an aircraft attitude display by an operator across a 
given set of geometric shapes (e.g., straight ladder, articulated ladder, and attitude arc) for 
brief exposure durations. Experiment 2 took on a more applied and operational use of the 
same configural displays found in Experiment 1 through the use of an operator-in-the-
loop dynamic control task.  Experiment 2 examined the transferability of the results from 
Experiment 1 to a real world control task commonly performed by pilots.  Experiment 3 
added an off-axis configural display to those configural displays used in Experiment 2 to 
examine compatibility issues of configural displays when a task is started using one 
configural display but completed when switching to another configural display during the 
task. Finally, Experiment 4 replicated the conditions and configural displays from 
Experiment 3 but added a visual scene off-axis for the operator to reference when 
initiating the aircraft control task (i.e., UAR).  This final experiment sought to examine a 
real world example of how pilots would use the HMD in flight and to what degree would 
an off-axis attitude reference help or hinder determination of aircraft orientation with a 
real world horizon present in the HMD. 
4.1 Training 
Training for Experiment 1 consisted of free flight time in the JSF simulator, 10 
practice UAR trials, and then practice trials interpreting aircraft attitudes displayed in the 
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computer monitor.  The pilots had to achieve 100% correct on the practice UARs in the 
simulator before going on to the computer portion of the study.  Pilots practiced recall of 
aircraft UARs presented for 100ms and 500ms on the computer monitor before 
completing the trial for Experiment 1. 
Pilots and flight test engineers (FTEs) received an on average one hour of free 
flight and practice UAR trials in the JSF simulator for Experiments 2-4 before going on 
to actual UAR trials.  Both groups had to achieve 100% correct responses for the practice 
UARs before being allowed to complete the trial conditions.  The pilots used for 
Experiments 1-4 were predominantly USAF Test Pilot School graduates and therefore 
highly trained pilots familiar with evaluating experimental aircraft systems.  The pilots 
and FTEs in Experiments 1-4 had previous flight experience with the JSF HUD as the 
ladder format used to convey aircraft climb-dive attitude which is similar to the F-16.  
The DA HUD was similar to that of the JSF HUD and therefore not too unfamiliar to 
pilots and FTEs for completing the UAR task; however, pilots and FTEs had no previous 
experience with the ASAR display. 
One group of nine pilots participated in Experiment 1.  Experiment 1 lasted on 
average 1½ hours, and participant data collection was completed over the course of one 
week.  A summary of conditions for Experiment 1 can be seen in Table 7.  Experiments 2 
- 4 involved two participant groups, 10 pilots and 10 FTEs, serving as expert and novice 
HUD user groups, respectively.  Experiments 2 - 4 had the same pool of participants (i.e., 
pilots and FTEs) for all three experiments.  The participants for Experiments 2 - 4 
completed the experiments sequentially, and the average time to complete all three 
experiments was 4 hours.  Data collection for Experiments 2 - 4 for the 20 participants 
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was completed over the course of one month.  A summary of the conditions for 
Experiments 2 - 4 can be seen in Table 8.  A review of the experimental manipulations 
for the configural displays for climb and dive attitude conditions for the static and 
dynamic UARs in Experiments 1-4 can be seen in Table 9.    The following sections 
provide specific method details for each experiment. 
Table 7.  Summary of Experiment 1. 
Experiment Participants Condition Symbology Dependent 
Variable(s) 
JSF HUD 




Experiment 1 9 Pilots 
UAR On-Axis 500ms static 
presentation 
ASAR HUD 








Table 8.  Summary of Experiments 2-4.  
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10 Flight Test 
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Table 9. Configural Display by Unusual Attitude Condition in Experiments 1-4. 
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4.2 Experiment 1 
Previous research in object perception has shown that it is possible to view and 
retain information about a scene when the information is presented for short durations 
such as 100ms – 300ms (Potter, 1976).  Research by Pomerantz et al. (1977) 
demonstrated that stimuli presented tachistoscopically (200ms) are perceived with little 
or no memory involved with configural properties of objects able to emerge.  Geiselman 
et al. (2000) showed that quickly presenting HUD flight reference information for 
1000ms and 500ms durations allowed pilots to recall sufficient information for an aircraft 
attitude recall task.  Experiment 1 utilized the procedure in perceptual research of the 
tachistoscoptic presentation of information for object detection and identification as a 
means to identify which configural display format best allowed perception of information 
to be extracted for Level 1 SA, perception of information.  In configural display research, 
the presentation of system information for brief exposure durations with probes 
administered to assess information extraction is referred to as the Retrospective Memory 
Probe (RMP) methodology (Bennett and Flach, 1992). 
4.2.1 Subjects 
 
A total of nine US Air Force rated pilots from Edwards Air Force Base, CA 
volunteered to participate in this study.  All nine pilots had previous HUD experience 
with a mean time of 933 HUD hours.  A breakout of pilot HUD hours can be seen in 
Table 10.  
                              Table 10.  Pilot HUD Flight Hours for Experiment 1. 
Pilot Aircraft Flight Hours 
1 F-15C, F-16, T-38C 1400 
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Pilot Aircraft Flight Hours 
2 F-16 107 
3 C-17 230 
4 F-15C/D, T-38C 1350 
5 F-16 800 
6 F-16 90 
7 F-15E, F-16 1103 
8 F-15E, F-111 2300 
9 Note: Subject failed to provide data 
 
4.2.2 Apparatus 
Pilots completed Experiment 1 using a computer station in the JSF simulator area 
at Edwards AFB, CA.  The computer station consisted of a table and chair with a desktop 
computer, flat panel monitor, computer keyboard, and mouse (Figure 35).  
4.2.2.1 Hardware 
 
The desktop computer used for Experiment 1 was a Dell Precision 650 
with dual-Intel Xeon CPUs and running on the Windows XP operating system.  The 
computer monitor used was a Dell FP 2001 20-inch flat panel monitor with display 
resolution set at 1600 x 1200 pixels.  A standard full sized QWERTY keyboard was used 
to input answers to questions presented to the pilots regarding symbology.  A Dell optical 






The software used to conduct Experiment 1 was a custom-developed 
program coded in the Java version 5.0 programming language.  The Java program was 
used to develop the control panel to select the experimental conditions for each pilot 
(Figure 36), display the practice and trial symbology, control presentation rate selected 
for the study (i.e., 500ms and 1000ms rates), and randomly select the attitude conditions 
for each symbology that pilots would view. 
 
Figure 35.  Dell flat panel monitor and keyboard used for Experiment 1. 
4.2.3 Task 
Experiment 1 investigated the interpretability of three configural displays, the JSF 
HUD, the DA HUD, and the ASAR HUD (Figures 37-39), in a static presentation 
environment. Pilots were shown a quick presentation of each configural display format 
(1000ms and 500ms), then the display was removed and a question regarding the 
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symbology was presented on the monitor. The question presented related to aircraft flight 
parameters including airspeed, altitude, bank, climb angle, or dive angle. There were 40 
questions total (8 for climb angle, 8 for dive angle, 8 for airspeed, 8 for altitude, and 8 for 
bank angle) for each symbol set for a total of 120 questions (40 questions x 3 symbol sets 
= 120 questions) per pilot.  The sixteen unusual attitudes (Table 11) that the three 
configural displays depicted for the study formed the basis for the questions that were 
presented to the pilots.  The questions of interest were those relating to climb angle or 
dive angle with the other questions presented serving as distracters.  The climb angle and 
dive angle questions were presented as “flight path angle” instead of climb or dive 
specifically.  This was done so that the pilot would not be cued as to the actual orientation 
of the aircraft, meaning they would have to determine from the information presented as 
to whether they were in a climb or dive.  The total question list can be seen in Table 12.  
  
Figure 36.  Java-based control panel used for Experiment 1. 
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4.2.4 Independent Variables 
 
The independent variables for Experiment 1 were type of configural display (JSF, 
DA, and ASAR HUD formats), presentation rate (1000ms and 500ms), and aircraft 
attitude (climb and dive). (Figures 37-39 illustrate the three displays showing a 60 degree 
climb).  
  Table 11.  Unusual attitudes used for each configural display.  
Trial # Climb-Dive Attitude Bank Angle Airspeed Altitude 
1 +75 0 260 23000 
2 +75 -135 300 19800 
3 +60 0 400  17500 
4 +60 +120 270 24000 
5 +45 -150 250 15500 
6 +45 - 60 360 22300 
7 +30 +60 270 16800 
8 +30 -135 250 25400 
9 -30 - 60 270 18000 
10 -30 -150 250 26200 
11 -45 0 320 23000 
12 -45 +120 190 25100 
13 -60 +60 340 14000 
14 -60 -135 380 12300 
15 -75 +120 260 24600 
16 -75 0 300 17400 
 
Table 12.  Questions used for Experiment 1. 
# Experiment 1 Questions Times Presented
1 What is the indicated flight path angle (deg)? 16 
2 What is the indicated altitude (knots)? 8 
3 What is the indicated airspeed (deg)? 8 
4 What is the indicated bank angle (deg)? 8 
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4.2.5 Dependent Variables 
The first dependent variable (DV) for Experiment 1 was correctness of answer for 
climb angle and dive angle conditions (i.e., flight path angle questions), which was 
assessed as a mean percent correct score for each configural display across all nine pilots.  
This DV served as the product for the divided attention task since participants had to 
integrate information within the configural display to make a judgment regarding aircraft 
orientation (i.e., Am I climbing or diving?). The second DV was the root-mean-square 
error value for climb and dive angles.  This DV served as the product for the focused 
attention task since participants had to precisely estimate the actual climb or dive angle 
viewed. 
 
Figure 37. ASAR HUD symbology used for Experiment 1 shown at 60-degree climb. 
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Figure 38. DA HUD symbology used for Experiment 1 shown at 60-degree climb. 
 
Figure 39. JSF HUD symbology used for Experiment 1 shown at 60-degree climb. 
 91
4.2.6 Experimental Design 
Experiment 1 was conducted using a 3 x 2 x 2 within-subjects design.  The first 
within-subject independent variable was type of configural display, either the JSF HUD 
symbology, DA HUD symbology, or ASAR HUD symbology.  The second within-
subject independent variable was presentation rate for the symbology, either 1000ms or 
500ms.  The remaining within-subjects independent variable was aircraft attitude 
consisting of climb attitudes and dive attitudes.   
4.2.7 Procedure 
 
Each pilot began the study by first being briefed about the purpose of the study 
and then completing training that consisted of UARs within the JSF simulator.  There 
was a performance criterion threshold that each pilot had to meet during training in order 
to be allowed to proceed to the trial portion of the evaluation.  Dynamic UAR training 
was provided in the JSF simulator to insure that each pilot understood the mechanization 
and behavior of each of the attitude references during pilot-in-the-loop control conditions.  
Once each pilot was able to complete 10 UARs in 1.5 seconds or less with a 100% 
correct completion rate (less stringent than the 1.0 sec desired time for trials), the second 
phase of the study began, the computer-based static presentation of the JSF, DA, and 
ASAR HUD formats.  The presentation of the three symbology formats was 
counterbalanced to reduce order effects (Appendix A).  
The trial portion for Experiment 1 was conducted using a computer workstation 
and desktop computer to present static images of each of the three symbology formats for 
two presentation rates, 1000ms and a 500ms.  Following a briefing on the purpose of the 
study and the hands-on dynamic training in the JSF simulator, participants completed 
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training for the static presentation portion of the study.  The training consisted of three 
practice examples of the symbology being shown at the presentation rate assigned 
(1000ms and then 500ms) similar to what would be viewed during actual trials.  Each 
pilot first completed the practice examples and then proceeded on to the trial portion of 
the study if there were no questions. If more practice was needed, pilots repeated the 
three practice examples until they could accurately capture the answer to the questions 
being asked.  For the trial condition, each pilot completed the first block of 40 questions 
for the 1000ms presentation rate and then the 500ms rate (Figure 40).  The pilot always 
saw the 1000ms presentation rate first. Following completion of all three symbol sets, the 
pilots were debriefed and thanked for participating. 
 
Figure 40.  Example question used for Experiment 1. 
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4.3 Experiment 2 
The purpose of Experiment 2 was to investigate design differences in configural 
displays leading to the formation of SA.  Are all configural displays which employ the 
use of emergent features equally good at conveying SA to the operator?  In other words, 
what display design factors better convey SA for one configural display versus another?  
These questions were evaluated in Experiment 2 by using a dynamic control task for 
fighter aircraft called unusual attitude recoveries (UARs).  The purpose of the UAR task 
is to quickly and as accurately as possible determine the aircraft’s attitude (i.e., 
orientation) and recover the aircraft back to straight-and-level flight at the horizon.   
Andre et al., (1991) suggested an approach for determining pilot SA when comparing 
differences in display design to convey aircraft attitude: 
Good situation awareness is equated with a pilot’s accurate “orientation” 
of critical flight information (Stiffler, 1987). Thus an alternate technique, 
and perhaps a more direct way to measure situation awareness is to 
augment normal flight control performance measures with measures of the 
pilot’s ability to recover from the kinds of disorientating events that often 
cause a loss of situation awareness (e.g., wind gusts, stalls). This way, the 
relative merits of the display formats in question can be directly inferred 
by the degree to which each display supports the pilot’s ability to 
determine rapidly and accurately the status of his or her present attitude 
and the desired future attitude (i.e., the level of situation awareness) 




Twenty participants, 10 rated pilots (expert group) and 10 U.S. Air Force flight 
test engineers (novice group), volunteered to serve as the two groups used to evaluate the 
configural display formats.  The pilot group consisted of US Air Force and Navy rated 
military pilots and Lockheed Martin civilian pilots from the JSF program. The pilot group 
was chosen to represent the experienced group that due to dedicated and extensive 
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training is most familiar and practiced in recovering from unusual attitudes in fighter 
aircraft, the main task for Experiment 2.  The flight test engineer (FTE) group consisted 
of FTEs from Edwards AFB, CA and was chosen to represent the novice or less 
experienced group that had limited flying experience and familiarization with unusual 
attitude recoveries.  Current aircraft qualifications, total aircraft flight hours, and percent 
of HUD flight hours in fighter aircraft was collected (Appendix B) and tabulated for each 
participant.  The mean HUD flight time across pilots was 1824 flight hours and the mean 
HUD flight time for FTEs was 80 flight hours (Table 13). 
              Table 13.  Pilot and FTE HUD Flight Hours for Experiment 2, 3, and 4. 
Pilot Aircraft Flight Hours FTE Aircraft Flight Hours
1 F/A-18, F-14, T-45 1200 1 F-16, T-38 130 
2 F/A-18 1050 2 F-16, T-38 210 
3 F-16, F-14 1700 3 F-16, T-38 135 
4 F-16, F-15, AV-8B 2133 4 F-16 15 
5 F/A-18, F-16, T-38, F-4 3710 5 F-16 90 
6 F-16 2001 6 F-16, T-38 110 
7 T-38, F-15 2200 7 F-16, T-38 58 
8 U-2, SR-71 2350 8 F-16 50 
9 F-16, F-4 950 9 F-16 3 




The main components of the simulation hardware consisted of the JSF cockpit, 




4.3.2.1 Cockpit.  
An F-35 representative cockpit was used to evaluate the HMD on-axis and off-
axis flight symbology.  It is comprised of a representative cockpit shell with a 20 x 8 
multi-function display (MFD) with touch screen and F-35 Hands on Throttle and Stick 
(HOTAS) for aircraft controls (Figure 41). For this evaluation, the MFD was left off and 
not used during symbology evaluations.  The operator viewing conditions for Experiment 
2 for the L3 Com M2 DART center, left, and right screens are shown in Figure 42.  The 
L3 Com M2 DART wrap around screen system used to provide a realistic flight 
environment is shown in Figure 43.  
 
 
Figure 41.  JSF F-35 representative cockpit used for Experiments 2, 3, and 4.  
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Figure 42.  DART grayed-out left, center, and right screens for Experiments 2 and 3.  
 
 
Figure 43.  L3 Com M2 DART screen system used for Experiments 2, 3, and 4. 
 
4.3.2.2 Helmet-Mounted Display.   
The HMD symbology formats were assessed using a Commercial-Off-The-Shelf 
(COTS) Kaiser SIM EYE 100 HMD providing a 30° binocular field of view (FOV) with 
100% overlap and a resolution of 1280 x 1024 (Figure 44).   
4.3.2.3 Head Tracker.   
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A COTS Polhemus Fastrak head tracker provided dynamic, real-time 6-degree of 
freedom measurement of head position (X, Y, and Z Cartesian coordinates) and 
orientation (azimuth, elevation, and roll).  The Polhemus tracker was used to track pilot 
head movement and determine point of symbology transitions for on-axis and off-axis 
symbology presentations in the HMD. As seen from Figure 43, the head tracker receiver 
was mounted to a wooden arm that could be positioned above the participant’s head after 
they had entered the cockpit (swung out perpendicular to the center screen).  The head 
tracker mount and support components were all made of wood to eliminate any 
interference with the magnetic tracker.  
 
Figure 44. Kaiser SIM EYE 100 HMD used for Experiments 2, 3, and 4. 
 
4.3.2.4 Control Panel.   
A control panel was developed and used for implementing the experimental 
conditions in the simulator for Experiments 2, 3, and 4.  A picture of the control panel 
can be seen in Figure 45.  The control panel enabled the experimenter to select the proper 
combination of independent variables for each trial to ensure correct conditions for each 




Figure 45. Control panel used for Experiments 2, 3, and 4. 
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4.3.3 Independent Variables 
 
The independent variables for Experiment 2 were 1) type of configural display, 
the JSF HUD, DA HUD, or ASAR HUD symbology (Figures 46-48), 2) participant flight 













Figure 48.  ASAR HUD symbology in a 30º HMD FOV. 
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4.3.4 Dependent Variables 
 
There were five DVs for Experiment 2.  The three objective measure DVs for the 
UAR task were 1) participant reaction time to provide initial control input, 2) number of 
control reversal errors (CREs), and 3) the total time to complete the UAR task.  The two 
subjective measure DVs were participant ratings for task workload and situation 
awareness.  The DVs are described further in Table 14.  
Table 14.  Dependent variables for Experiment 2. 
DV # Experiment 2 Dependent Variables 
Reaction Time (RT): Measure of the time from the appearance of the 
symbology to when the participant made their first significant input by 
breaking through the stick dead band. 
1 
Control Reversal Errors:  First roll input must be correct at least 90% of the 
time -- no more than 10% reversals. Participants will use AFMAN 11-217 
procedures for correctness of control inputs 
2 
Total Time to Recovery:  Measure of the time from presentation of the 
symbology in the HMD to aircraft stabilization at the horizon within +/- 5 
degrees of bank and climb-dive for 2 seconds. 
3 
Workload Rating: A Modified-Cooper Harper workload rating completed by 
each participant following the block of 12 unusual attitude recoveries for each 
of the three symbol sets.  
4 
Situation Awareness Rating: A SART scale completed by each participant 




4.3.5  On-Axis UAR Task 
 
Experiment 2 Task. The task for Experiment 2 evaluated the participants’ ability 
to recognize and recover from unusual attitudes (UAs) when using one of three HMD 
symbology formats, the JSF HUD, DA HUD, or the ASAR HUD.  Each participant was 
shown the UA conditions in Table 15 and scored based on the correct response 
performance criteria indicated in Table 16.  Each participant flew 10 practice UARs and 
then 12 trial UARs for each HUD symbol set.  The presentation of the HUD symbol sets 
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were counterbalanced to reduce order effects, and the UAR conditions were randomized 
(Appendix B).  All UAR trials began at an altitude of 25K/ft. 
Table 15. UARs for Trial Conditions. 






1 +60 0 400  
2 +60 +120 270 
3 +45 -150 250 
4 +45 - 60 360 
5 +30 +60 270 
6 +30 -135 250 
7 -30 - 60 270 
8 -30 -150 250 
9 -45 0 360 
10 -45 +120 270 
11 -60 +60 400 
12 -60 -135 250 
  
              Table 16. UAR Scoring Criteria. 
UAR No.  Roll Input   Pitch Input  
 Left None Right Forward None Aft 
1 1 0 1 1 1 1 
2 1 0 0 1 1 1 
3 0 0 1 1 1 1 
4 1 0 0 1 1 1 
5 0 0 1 1 1 1 
6 0 0 1 1 1 1 
7 0 0 1 0 0 1 
8 0 0 1 0 0 1 
9 0 1 0 0 0 1 
10 1 0 0 0 0 1 
11 1 0 0 0 0 1 
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UAR No.  Roll Input   Pitch Input  
 Left None Right Forward None Aft 
12 0 0 1 0 0 1 
 
4.3.6 Experimental Design 
 
Experiment 2 was conducted using a 2 x 3 x 2 mixed-design.  The between-
subject independent variable was participant experience for using HUD symbology, 
expert and novice, broken out by rated pilots as the expert group and FTEs as the novice 
group.  The within-subject independent variables were type of configural display, the JSF 
HUD symbology, DA HUD symbology, or ASAR HUD symbology and aircraft attitude, 
either climb or dive.   
4.3.7 Pre-trial Procedure 
 
Each participant was briefed on the simulation objective, JSF cockpit, and HMD 
symbology to be used in completing the UARs.  Further, the subjective rating scale 
instructions for completing operator workload and SA ratings were reviewed (Appendix 
C).  On entering the cockpit, participants adjusted the side-stick arm support and ruder 
pedals to a comfortable position.  The cockpit seat had an electronic adjustment to raise 
and lower the seat until the pilot viewed the HMD symbology framed in-between the 
MFD and cockpit bow frame.  The seat adjustment eliminated any overlapping of 
symbology on the cockpit structure and insured symbology was viewed on the DART 
center screen.  Next, participants checked their interpupillary distance for the symbology 
displayed in the HMD and used an electronic knob adjustment in the cockpit to adjust the 
symbology if the right and left display were not aligned to present a fused central image.  
An additional cockpit knob was used to adjust the viewing distance of the symbology so 
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that the symbology appeared to be overlaying the DART screen versus in front of or 
behind the screen.  The symbology was also boresighted, or adjusted so that the aircraft 
symbol on the HMD visor matched up and aligned with an aircraft displayed on the 
DART screen marking the design-eye reference point (Figure 49).  Finally, participants 
used a symbol displayed on the HMD visor to adjust the cockpit throttle to match up with 
the initial airspeed condition that would be presented for each practice or trial UAR 
(Figure 50).  The throttle matching symbol appeared red until the outer caret on the arc 
was moved around the outer edge to align with the inner wide arc, after which the throttle 
matching symbol turned green.  The outer caret represented the cockpit throttle that 
moved along the outer arc, and the inner wide arc represented the magnitude of the initial 
airspeed setting/condition that would be presented during the UAR.            
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Figure 49.  HMD boresighting mechanization for Experiment 2. 
 
Following the symbology adjustments, the participants flew the first randomly 
assigned HUD symbol set until comfortable with the symbology format and 
mechanization. Each participant then completed 10 practice UARs for the first symbol set 
and were required to reach specific performance criteria before being allowed to attempt 
trial UARs.  The performance threshold for continuing to trial UARs was 100% correct 
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recovery for the 10 practice UARs in 1.5 seconds or less.  This procedure was repeated 
for each of the three symbol sets and for all participants. 
 
Figure 50.  HMD throttle matching mechanization for Experiments 2, 3, and 4 (throttle 
symbol turns from red to green when matched correctly). 
4.3.8 Experiment 2 UAR Test Procedures   
 
The trial procedures for Experiment 2 can be seen in Figures 51-53.  Test 
procedures for conducting Experiment 2 included: 
1. Participant Briefing.  An initial briefing was provided to each participant.  
Additionally, participants were instructed to ask questions during practice UARs and 
following any trials as needed.  The purpose of the briefing was to provide detailed 
information to each participant as to each of the flight symbology formats being used in 
the UARs and the operating procedures associated with the HMD and cockpit controls. 
2. Unusual Attitude Recovery Practice Trials.  At least ten practice trials were 
completed by each participant in order to establish an understanding of their response 
requirements concerning UAR procedures.  The practice trials were conducted using the 
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same procedures as the actual trials. Practice trials continued until the participant fully 
understood the response requirements, were comfortable with the test procedures, and 
reached the performance thresholds for continuing on to trial UARs.   
3. Unusual Attitude Recovery Evaluation.  Following practice trials, each 
participant completed 12 test trials for each symbol set.  Participants began each trial with 
their hands on the throttle and stick, eyes open, and looking at the presentation cue 
(boresight cross) on the HMD where the UAR symbology would appear.  The procedure 
for each test trial was:  
a. Each trial consisted of a participant attempting to recover from an unusual 
attitude.  Participants were briefed to recover as quickly and accurately as 
possible using AFMAN 11-217 (USAF, 1996) procedures in Table 17. 
 
b. Each HMD symbol set was configured to represent a specified unusual attitude 
from Table 15.   With the exception of the boresight cross and throttle matching 
symbol, the HMD was blanked until the start of the trial. 
 
c. The HMD symbology for each trial was presented immediately following a 5-
second auditory tone indicating the start of a new trial. Participants had a 
boresight cross present on the HMD to serve as a cue where to look and see the 
symbology for each UAR (just above throttle matching symbol).  The boresight 
cross and throttle matching symbol were removed at the end of the 5-second 
auditory tone with the start of the trial. 
 
d. Each trial ended after the participant had recovered the aircraft to within +/- 5 
degrees of bank and climb-dive for at least 2 seconds.   
 
Table 17.  UAR recovery procedures for correctness. 
Procedure Unusual Attitude Roll Throttle 
1 Nose High 
Roll in the direction that is the shortest 
distance to 90° AOB; allow nose to 
slice 
As required to 
recover at or 
near 300 KIAS 
As required to 
recover at or 
near 300 KIAS 
2 Nose Low Roll in the direction that is the shortest distance to wings level, upright flight 
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4. SA and Workload Ratings.  Immediately after completing a block of 12 
UARs for a configural display, each participant completed a Modified Cooper-Harper 
workload scale and a Situation Awareness Rating Technique (SART) rating scale as a 
subjective measure of operator workload and SA across the block of 12 UARs just 
completed (Appendix D & E).   
 
Figure 51.  Example initial UAR presentation for Experiment 2 (ASAR HUD in an 
approximate 60-degree dive, 115-degree roll). 
 109
 
Figure 52.  Example recovery input for a dive UAR for Experiment 2 (i.e., roll wings 




Figure 53.  Example ending attitude for a dive UAR for Experiment 2 (i.e., within ±5-
degrees climb-dive and roll of the horizon line for task to end). 
4.4 Experiment 3 
The purpose of Experiment 3 was to investigate the impact of switching between 
configural displays during a control task (i.e., UAR) and the resulting impact on operator 
performance and SA.  Does the switching between configural displays during task 
completion degrade the operator’s understanding of system state (e.g., operator SA of 
aircraft attitude)?  To examine this aspect of configural display use, Experiment 3 utilized 
the same experimental conditions as Experiment 2, but pilots and flight test engineers 
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began the UAR task approximately 90-degrees off to the right side of the cockpit (i.e., 
looking 90-degrees off-axis), initiated the UAR from this off-axis starting position and 
then transition back forward to complete each UAR.  
4.4.1 Subjects 
The same subjects that participated in Experiment 2 volunteered to serve as 
participants for Experiment 3 (i.e., 10 pilots and 10 FTEs).   
4.4.2 Independent Variables 
 
The independent variables for Experiment 3 were type of configural display,  the 
JSF HUD, DA HUD, or ASAR HUD on-axis and the ASAR symbology off-axis (Figure 
54), and participant flight experience level, expert and novice. 
 
Figure 54.  The ASAR off-axis HMD symbology in a 30-degree field-of-view. 
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4.4.3 Dependent Variables 
 
There were six DVs for Experiment 3.  The four objective measures DVs for the 
UAR task which were 1) participant reaction time for providing initial control inputs off-
axis, 2) CREs occurring off-axis, 3) CREs occurring during off-axis to on-axis 
transitions, and 4) the total time to complete the UAR task.  The two subjective measure 
DVs were participant ratings for task workload and situation awareness.  The DVs are 
described further in Table 18.  
Table 18.  Dependent variables for Experiment 3. 
DV 
# Experiment 2 Dependent Variables 
Reaction Time (RT) (off-axis): Measure of the time from the appearance of 
the symbology off-axis to when the participant made their first significant 
input by breaking through the stick dead band.  
1 
Control Reversal Error (off-axis):  First roll input must be correct at least 
90% of the time -- no more than 10% reversals. Participants will use AFMAN 
11-217 procedures for correctness. 
2 
Control Reversal Error (off-axis to on-axis transition): Measure of control 
reversals occurring at transitional point when switching from the ASAR 
display off-axis to one of the three on-axis symbology formats. 
3 
Total Time to Recovery (off-axis to on-axis):  Measure of the time from 
presentation of the symbology off-axis in the HMD to aircraft stabilization at 
the horizon on-axis within +/- 5 degrees of bank and climb-dive for 2 seconds. 
4 
Workload Rating: A Modified-Cooper Harper workload rating completed by 
each participant following the block of 12 unusual attitude recoveries for each 
of the three symbol sets.  
5 
Situation Awareness Rating: A SART scale completed by each participant 




4.4.4 Experimental Design 
 
Experiment 3 was conducted using a 2 x 3 mixed-design.  The between-subject 
independent variable was participant experience for using HUD symbology, expert and 
novice, broken out by rated pilots as the expert group and USAF FTEs as the novice 
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group.  The within-subject independent variable was type of configural display, the JSF 
HUD symbology, DA HUD symbology, or ASAR HUD symbology on-axis and the 
ASAR symbology off-axis.   
4.4.5 Pre-trial Procedure 
 
The pre-trial procedures for Experiment 3 were the same as Experiment 2 with the 
exception of an added procedure for insuring participants were looking in the correct 
location off-axis (i.e., approximately 90-degrees to the right, head level).  An additional 
visual mechanization was implemented in the HMD to assist participants with 
determining correct off-axis viewing location (Figure 55).  Participants had a boresight 
cross on their HMD that moved with their head motion.  When instructed to look off-axis 
to the right, participants saw an additional boresight cross along with the throttle 
matching symbol at the desired location off-axis.  The off-axis boresight cross seen when 
looking to the right was now aligned and matched up with the cross on the participant’s 
HMD marking the correct head position (Figure 56). 
 
Figure 55.  Mechanization of boresight crosses for location of 90-degrees right off-axis 
(arc is red when throttles are not matched). 
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Figure 56.  Matched throttle and participant alignment 90-degrees right off-axis (arc 
turns green when throttles are matched). 
4.4.6 Experiment 3 Task. 
The task for Experiment 3 evaluated the operators’ ability to recognize and 
recover from unusual attitudes (UAs) when first using the ASAR symbology off-axis and 
then switching to one of three on-axis symbology formats, the JSF HUD, DA HUD, or 
the ASAR HUD.  Each participant flew 10 practice UARs and then 12 test UARs for 
each paired off-axis/on-axis symbol set.  Presentation order of the paired off-axis/on-axis 
HUD symbol sets were counter balanced to reduce order effects, and the UAR conditions 
were randomized (Appendix F).  All UAR trials began at an altitude of 25K/ft. 
The task for Experiment 3 was the same as Experiment 2 except that the UARs 
began off-axis and were completed on-axis.  The ASAR symbology was added to the 
HMD as an off-axis attitude reference, and participants were instructed to use the off-axis 
ASAR for initial UAR inputs and then to transition back forward and complete the 
recovery with one of the three on-axis symbol sets.  Control inputs using the ASAR off-
axis were measured to assess whether or not the participants complied with instructions 
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to begin UAR control inputs off-axis.  The Experiment 3 DVs of initial reaction time and 
correctness for control inputs were measured off-axis to insure each participant was 
actively using the off-axis symbology before switching forward to use the on-axis 
symbology and complete the recovery.  This established the participant’s SA of aircraft 
attitude state with the ASAR symbology off-axis before any other symbology was 
available.    
4.4.7 Experiment 3 Off-axis UAR Test Procedures 
 
Experiment 3 test procedures can be seen in Figures 57-59.  The test procedures 
for the Experiment 3 off-axis UAR task were identical to the on-axis UAR task with the 
following exceptions: 
1. Participants began each off-axis practice and test trial looking to their right 
approximately 90-degrees off-axis (looking along their shoulder). 
 
2. Alignment of 90-degrees off-axis was accomplished using two boresight 
crosses that participants had to line up in addition to matching their throttle to 
the UAR initial airspeed condition. 
 
3. Once participants were looking 90-degrees off-axis with boresight crosses 
aligned (+/- 1 boresight cross width) and the throttle matching symbol was 
green, a 5-second tone began signaling the start of the trial.   
 
4. At the end of the 5-second tone, the head alignment boresight crosses and 
throttle matching symbology disappeared and the off-axis ASAR symbology 
appeared.   
 
5. Following the presentation of the off-axis attitude symbology, each participant 
began recovery inputs with the ASAR and transitioned their head forward to 
view an on-axis attitude symbology format to complete the recovery. 
 
6. An additional measure for roll reversals was taken at the point where the off-
axis attitude symbology was masked and the on-axis attitude reference 
appeared.  This additional roll reversal measure served to check and see if 







Figure 57.  Initial off-axis presentation for a UAR task in Experiment 3 (off-axis ASAR 
45-degrees nose low). 
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Figure 58.  Off-axis to on-axis transition (from right to left) for a UAR task in Experiment 
3 (off-axis ASAR transitioning to on-axis DA HUD symbology during dive recovery, pilot 
head movement from right off-axis to left on-axis). 
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Figure 59.  Recovery to on-axis for a UAR task in Experiment 3 (on-axis DA HUD 
symbology after recovery). 
4.5 Experiment 4 
The purpose of Experiment 4 was to examine the impact of visual flight 
conditions on HMD symbology interpretation during off-axis UARs.  To revisit one of 
the major contributors to the loss of SA in aviation (Table 19), CFIT occurs most often 
during day or visual meteorological conditions (VMC), therefore the off-axis UARs for 
Experiment 4 were the same as Experiment 3 but with visual flight conditions available 
off-axis (Figure 60).  Once the operator transitioned forward to complete the recovery, 
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the visual scene reverted to what was seen during Experiment 3 which was a grayed-out 
screen (instrument flying conditions, Figure 61).    
Table 19.  Conditions under which CFIT occur (Krause, 1994). 
Day/Night Conditions Meteorological Conditions 
78% of CFITs occur during day conditions 72% of CFITs occur in VMC
21% of CFITs occur during night conditions 25% of CFITs occur in IMC 
 
 
Figure 60.  Example off-axis visual flying condition used for Experiment 4 (Day VMC). 
 
Figure 61.  On-axis visual flying condition used for Experiment 4 (IMC). 
4.5.1 Subjects 
The same subjects that participated in Experiment 3 volunteered to serve as 




4.5.2 Independent Variables 
 
The independent variables for Experiment 4 were 1) type of configural display, 
the JSF HUD, DA HUD, or ASAR HUD symbology and the ASAR off-axis symbology, 
2) type of flight condition, instrument (IMC) and visual flying conditions (day VMC) and 
3) participant flight experience level, expert and novice (Table 20). 
Table 20.  Independent Variables for Experiment 4. 
Experiment 4 IVs 
Location # Independent Variable Levels On-Axis Off-Axis 
1 Symbology 3 JSF, DA, and ASAR HUD ASAR 
2 Flight Condition 2 IMC VMC 
3 Subject Type 2 Expert and Novice Expert and Novice 
 
4.5.3 Dependent Variables 
 
The six DVs for Experiment 4 were the same DVs used during Experiment 3.  
The comparison of interest for Experiment 4 was the number of CREs that occurred as a 
result of visual flying conditions being available off-axis.  Would an increase in CREs 
occur as a result of adding visual flying conditions to the off-axis UAR task since 
participants could attend to real world information versus aircraft flight symbology?  If 
participants use the outside scene as a cue to aircraft orientation and then abruptly switch 
to instruments for completion of the UAR when the scene is removed (i.e., switching 
frames of reference), this could lead to control reversal errors occurring during the 
switching between visual conditions.     
4.5.4 Task 
 
Experiment 4 Task. The task for Experiment 4 evaluated the impact of viewing 
day VMC flight conditions during the off-axis UAR task used in Experiment 3.  Other 
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than the availability of day VMC flight conditions added to the off-axis UAR task (Figure 
60), the task for Experiment 4 was identical to that of Experiment 3. Little research has 
been done on the transition between helmet attitude displays for on-axis and off-axis and 
the impact on operator performance or SA.  This includes the impact of the presence of 
multiple information sources for aircraft attitude, the representation provided by the 
display and actual orientation information from visual cues in the environment. 
4.5.5 Experimental Design 
 
Experiment 4 was conducted using a 2 x 3 x 2 mixed-design.  The between-
subject independent variable was participant flight experience, expert (rated pilots) and 
novice (FTEs).  The first within-subject independent variable was configural display 
type, the JSF HUD symbology, DA HUD symbology, or ASAR HUD symbology on-axis 
and the ASAR symbology off-axis.  The second within-subject independent variable was 
type of flying condition, VMC for off-axis and IMC for on-axis. 
4.5.6 Pre-trial Procedure 
 
The pre-trial procedures for Experiment 4 were the same as Experiment 3 with the 
exception of an added visual scene (VMC flying conditions) when the operator was 
looking off-axis.  The VMC scene was not visible until the trial had started and then the 
visual scene “faded” back into IMC conditions seamlessly as the operator moved their 
head forward on-axis such that the operator was under full IMC flying conditions once 
back on-axis. 
4.5.7 Experiment 4 Off-axis UAR Test Procedures 
 
Experiment 4 test procedures can be seen in Figures 62-64.  The test procedures 
for the Experiment 4 off-axis UAR task were identical to the procedures used in 
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Experiment 3 with the exception of the VMC scene available off-axis once the trial 
began.   
 
Figure 62.  Initial off-axis presentation for a UAR used in Experiment 4 (off-axis 
ASAR in a 60-degree climb, 150-degree roll). 
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Figure 63.  Off-axis to on-axis transition (from right to left) for a UAR used in 
Experiment 4 (off-axis ASAR transitioning to on-axis ASAR during 90-degree “slice” 
to the horizon, pilot head movement from right off-axis to left on-axis). 
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Figure 64.  ASAR on-axis following recovery for the UAR used for Experiment 4 
(ASAR “X-ed” due to symbol not allowed to leave the display FOV). 
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5.0 RESULTS 
5.1 Experiment 1 
The data from Experiment 1 was comprised of answers to questions related to 
aircraft flight reference information found in the three displays presented to the pilots 
(i.e., JSF HUD, DA HUD, and ASAR HUD).  The flight reference questions presented to 
the pilots were based on aircraft airspeed, altitude, bank angle, and flight path angle 
information in the display.  Flight path angle was broken down into two conditions, climb 
angle and dive angle. The data for Experiment 1 were reduced to eliminate the answers to 
all flight reference information questions except for those pertaining to flight path angle.  
The eliminated categories of flight reference information, airspeed, altitude, and bank 
angle served only as distracter categories to hide the true information of interest, answers 
related to aircraft climb angle and dive angle.  Therefore, all results for Experiment 1 are 
based on the mean results of answers from pilots for aircraft climb and dive angle 
questions. 
In keeping with previous research related to data analysis of configural displays 
(Bennett and Flach, 1992), the data for Experiment 1 were examined in two ways, 
answers were analyzed based on divided attention conditions where the pilot had to 
determine aircraft attitude across more than one stimulus dimension (e.g., is the aircraft 
climbing or diving, impacted by display shape and orientation) and answers to questions 
were also analyzed according to selective attention conditions where only one stimulus 
dimension was focused on (e.g., what was the aircraft climb or dive angle?). With the 
question of interest being “What is the indicated flight path angle”, pilots had to first 
determine whether they were climbing or diving and then determine what the precise 
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angle was (i.e., they were not asked about climb or dive specifically in order to not reveal 
the condition through the question), hence pilot interpretation of aircraft orientation 
(climbing or diving) served as  the divided attention task data and was scored as correct 
or incorrect, and the root mean square error (RMSE) of the precision answer for climb 
or dive angle served as the data for the selective attention task (precision of aircraft climb 
or dive angle). Thus Level 1 SA (i.e., perception of elements in the environment) was 
inferred through the pilot’s perception of information from each of the three displays 
based on their ability to interpret high-level information (am I climbing or diving?) as 
well as low-level data (angle of climb or dive?).  Differences in pilot ability on each of 
these conditions were interpreted as attributes of the display’s design to facilitate 
information extraction rather than data availability (Woods, 1991) and impart a higher 
level of SA to the pilot.          
5.1.1 Analysis of Divided Attention Data 
The data for the divided attention component of the pilot’s answer to aircraft state 
were analyzed using the Statistical Package for the Social Sciences (SPSS v.14) for 
Windows.  Correctness of the pilot’s answer for determining aircraft orientation 
(climbing or diving) was recorded and grouped by pilot and each combination of display, 
rate, and attitude.  The mean percent correct results for each combination of display, rate, 
and attitude were analyzed in SPSS.  A 3 x 2 x 2 repeated measures Analysis-of-Variance 
(ANOVA) was used to test the main effect of display (JSF HUD, DA HUD, and ASAR 
HUD), rate (1000 ms and 500 ms), and attitude (climb and dive) on correctness of pilot 
answer (dependent variable).  The alpha level for all Experiment 1 ANOVAs was set at α 
= .05.  The results of the repeated measures ANOVA are shown in Table 21.   
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To address the assumption of sphericity in repeated measure ANOVAs, the Huynh-Feldt 
correction was used for obtaining degrees-of-freedom and associated p-values.  The 
ANOVA for the percent correct data revealed a significant main effect of Display F 
(1.29, 10.34) = 4.970, p = .042.  Post-hoc tests using the Tukey method to correct for 
multiple comparisons with an alpha level set at α = .05 revealed that pilot answers 
concerning aircraft attitude when using the ASAR HUD symbology were significantly 
more correct than the DA HUD and JSF HUD symbology (p < .05, Table 22).  The 
ASAR HUD with a mean percent correct of 66.3% for flight path angle questions was 
significantly different from the DA HUD mean of 49.7% correct and the JSF HUD with a 
mean of 50.0% correct.  The main effect of Rate, F (1, 8) = 1.18, p = .309 failed to reach 
significance.  The main effect of Attitude was found to be significant F (1, 8) = 6.09, p = 
.039 with correctness for Climb (57%) being significantly better than correctness for 
Dive (53%).  The Display x Attitude interaction was also found to be significant F (2, 16) 
= 8.37, p = .003 (see Figure 65).  Post-hoc tests using the Tukey method to correct for 
multiple comparisons with an alpha level set at α = .05 revealed that pilot answers 
concerning aircraft attitude when using the ASAR HUD symbology were significantly 
more correct than the DA HUD and JSF HUD symbology for both climb and dive 
attitudes (p < .05, Table 23).  For JSF HUD correct responses for dive and climb were not 
statistically different than one another but were significantly higher than DA HUD dive.  
DA HUD climb was significantly higher than DA dive.  
Table 21. Tests of Within-Subjects Effects for Percent Correct 
Source 
  
Type III Sum of 
Squares df 
Mean 
Square F Sig. 
Observed 
Power(a) 
Display  Huynh-Feldt 6510.315 1.293 5036.301 4.970 .042 .579
Error (Display)  Huynh-Feldt 10480.225 10.341 1013.422     
Rate  Huynh-Feldt 2534.613 1.000 2534.613 1.180 .309 .160
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Source Type III Sum of Mean Observed 
Power(a)   Squares df Square F Sig. 
Error (Rate) Huynh-Feldt 17178.990 8.000 2147.374     
Attitude Huynh-Feldt 587.067 1.000 587.067 6.091 .039 .582
Error (Attitude) Huynh-Feldt 771.120 8.000 96.390     
Display * Attitude Huynh-Feldt 1074.898 2.000 537.449 8.367 .003 .923
Error (Display * 
Attitude) Huynh-Feldt 1027.725 16.000 64.233     
 
Table 22. Tukey Post-hoc Comparisons for Percent Correct and Display 
Level Least Sq. Mean 
ASAR A   66.32 
JSF  B  50.00 
DA   B 49.70 
Levels not connected by same letter are significantly different 
 
 




Table 23. Tukey Post-hoc Comparisons for Percent Correct and Display*Attitude 
Level Least Sq. Mean 
ASAR, Dive A   68.06 
ASAR, Climb A   64.58 
DA, Climb  B  55.66 
JSF, Climb  B  52.78 
JSF, Dive  BC  47.22 
DA, Dive   C 43.75 
Levels not connected by same letter are significantly different 
5.1.2 Analysis of Selective Attention Data 
 
The data for the selective attention category were transformed into RMSE values 
using the following formula:  
RMSE = root mean square error = [(1/N) Σ e2 ]0.5  = sqrt[(1/N) Σ e2] 
This is the same as the standard error of the regression. 
 
The RMSE value gives an indication of the typical distance between predicted 
and observed values.  The predicted value was the actual climb or dive angle presented to 
the pilot in the display, and the pilot’s answer was the observed value. The data for the 
selective attention component of the pilot’s answer to aircraft state were arranged in the 
statistical program SPSS (version 14) for Windows.  The RMSE value of the pilot’s 
answer for determining aircraft climb and dive values was computed and grouped by 
pilot and each combination of display, rate, and attitude.  A 3 x 2 x 2 repeated measures 
ANOVA was used to test the main effect of display (JSF HUD, DA HUD, and ASAR 
HUD), rate (1000 ms and 500 ms), and attitude (climb and dive) on the RMSE of pilot 
answer (dependent variable).  The results of this ANOVA are shown in Table 24.  The 
alpha level for all Experiment 2 ANOVAs was set at α = .05.  The Huynh-Feldt 
correction for Sphericity was used for obtaining degrees-of-freedom and associated p-
values. 
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The data for RMSE failed to reach significance for the main effect of Display, F 
(2, 16) = 1.38, p = .280.  The main effect of Rate was found to be significant: F (1, 8) = 
5.78, p = .043.  Examination of the RMSE values for 1000ms and 500ms presentation 
rates revealed that pilots were most accurate for the 1000ms condition.  The main effect 
of Attitude failed to reach significance, F (1, 8) = .018, p = .898.  There were no 
significant interactions. 
Table 24. Tests of Within-Subjects Effects 
Source   
Type III Sum 
of Squares df 
Mean 
Square F Sig. 
Observed 
Power 
display Huynh-Feldt 772.489 2.000 386.244 1.380 .280 .253
Error(display) Huynh-Feldt 4478.970 16.000 279.936     
rate Huynh-Feldt 2210.701 1.000 2210.701 5.783 .043 .561
Error(rate) Huynh-Feldt 3058.375 8.000 382.297     
attitude Huynh-Feldt 2.321 1.000 2.321 .018 .898 .052
Error(attitude) Huynh-Feldt 1057.139 8.000 132.142     
display * rate Huynh-Feldt 221.653 2.000 110.826 .399 .678 .103
Error(display*rate) Huynh-Feldt 4446.596 16.000 277.912     
display * attitude Huynh-Feldt 184.793 1.921 96.213 .438 .645 .108
Error(display*attitude) Huynh-Feldt 3375.703 15.365 219.698     
rate * attitude Huynh-Feldt 261.690 1.000 261.690 .977 .352 .141
Error(rate*attitude) Huynh-Feldt 2142.094 8.000 267.762     
display * rate * attitude Huynh-Feldt 26.050 1.952 13.346 .107 .895 .063
Error(display*rate*attitude) Huynh-Feldt 1954.220 15.615 125.149    
 
5.2 Experiment 2 Results 
 
Experiment 2 sought to investigate the differences in design features among three 
configural displays to determine if the differences in their design impacted level of 
operator SA.  This experiment was different from Experiment 1 in that a dynamic control 
task was used that was indicative of real flight situations.   Since the task for Experiment 
2 was a closed-loop control task that actively provided feedback to the operator, this task 
allowed for active operator SA at all levels to be assessed rather than focusing solely on 
the formation of Level 1 SA (i.e., perception).   
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5.2.1 Analysis of On-axis UAR Data 
The data for the on-axis UAR task were recorded and compared using the SPSS 
(version 14) statistical program for Windows.  For Experiment 2, a 3 (display) x 2 
(group) x 2 (attitude) repeated measures ANOVA was conducted on the three DVs of 
reaction time, control reversal, and total time to recovery.  Each DV was analyzed 
separately with the alpha level for significance set at α = .05.  The Huynh-Feldt 
correction for Sphericity was used for obtaining degrees-of-freedom and associated p-
values for the within-subject variables. 
5.2.1.1  UAR Reaction Time Results 
The data for reaction time for the on-axis UAR task approached significance for 
the main effect of Display, F (2, 18) = 2.895, p = .081 (Table 25).  Examination of the 
means for reaction time by display showed the DA HUD producing the slowest reaction 
time (1.16s) followed by the JSF HUD (1.13s) and the ASAR HUD with the fastest 
reaction time (1.08s) (Figure 66).  The reaction time data for the main effect of Attitude 
was found to be significant, F (1, 9) = 6.18, p = .035. Operator reaction time was faster 
for dive UAR conditions (1.07s) versus climb (1.18s) (Table 26).  There was no 
significant result found for the main effect of Group (pilot vs. FTE) for the reaction time 
data, F (1, 9) = 1.01, p = .34, and there were no significant interactions. 
Table 25. Tests of Within-Subjects Effects for On-axis Reaction Time. 












Feldt .138 2.000 .069 2.895 .081 .243 .495
Error(display) Huynh-
Feldt .430 18.000 .024       
attitude Huynh-
Feldt .313 1.000 .313 6.182 .035 .407 .601
Error(attitude) Huynh-
Feldt .455 9.000 .051       
group Huynh- .092 1.000 .092 1.006 .342 .101 .147
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Type III Partial 
Source   
Sum of Mean 





Feldt .825 9.000 .092       
display * attitude Huynh-
Feldt .042 2.000 .021 1.052 .370 .105 .205
Error(display*attitude) Huynh-
Feldt .361 18.000 .020       
display * group Huynh-
Feldt .035 2.000 .017 .314 .735 .034 .092
Error(display*group) Huynh-
Feldt 1.000 18.000 .056       
attitude * group Huynh-
Feldt .001 1.000 .001 .035 .857 .004 .053
Error(attitude*group) Huynh-
Feldt .157 9.000 .017       
display * attitude * 
group 
Huynh-




Feldt .240 15.656 .015       
 
 
Figure 66. Results of reaction time by climb-dive attitudes for Experiment 2. 
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Table 26. UAR reaction times for attitude condition 
 
95% Confidence Interval 
condition Mean Std. Error Lower Bound Upper Bound  
climb 1.176 .054 1.055 1.298
 
5.2.1.2 UAR Control Reversal Error Results 
dive 1.074 .047 .967 1.182
The data for CREs for the on-axis UAR task failed to reach significance for the 
main effect of Display, F (2, 18) = .369, p = .65, the main effect of Attitude, F (1, 9) = 
1.79, p = .21, or the main effect of Group, F (1, 9) = .20, p = .89.  There were no 
significant interactions.  The JSF HUD had a 6% CRE rate, DA HUD 7%, and ASAR 
HUD had a 6% CRE rate.  The rate determined to be acceptable apriori was 10% or lower 
based on the U.S. Air Force standard in Air Force Manual 11-217, therefore all three 
configural displays had acceptable levels of CREs. 
5.2.1.3 UAR Total Time to Recovery Results 
The data for total time to recovery for the on-axis UAR task reached significance 
for the main effect of Attitude, F (1, 9) = 380.45, p < .001.  Participants were able to 
complete the UAR task significantly faster for dive recoveries versus climb (Table 27).  
The data for total time to recovery failed to reach significance for the main effect of 
Display, F (2, 18) = .865, p = .42, as well as for the main effect of Group, F (1, 9) = 2.20, 
p = .17. There were no significant interactions for the Total Time to Recovery data.   
Table 27.  Total time to recovery results for Attitude. 
95% Confidence Interval 
condition Mean Std. Error Lower Bound Upper Bound 
climb 20.648 .418 19.703 21.593




5.2.2 Analysis of Subjective Results 
Each participant completed a SART and Modified Cooper-Harper scale for SA 
and workload respectively (Appendix D & E) following each block of 12 UARs for each 
symbology set for a total of 3 SA scales and 3 workload scales for Experiment 2.  For the 
SART scale, scores were compiled using the method from Taylor and Selcon (1994): 
SART score = Situation Understanding - |Demand of Attention - Supply of Attention|.   
A 3 (display) x 2 (group) repeated measures ANOVA was conducted on the 
SART scores for Experiment 2 (Table 28).  The data for the SART scores failed to reach 
significance for either the main effect of Display, F (2, 18) = 2.22, p = .153 or Group, F 
(1, 9) = 1.10, p = .322.  There was no significant interaction. 
Table 28. SART ratings for Experiment 2 by Group 
SART Experiment 2 
Pilot JSF DA ASAR FTE JSF DA ASAR
1 3.67 4.50 3.58 1 5.50 4.42 5.17 
2 1.42 2.50 1.17 2 3.67 4.17 3.33 
3 4.50 2.00 2.50 3 4.00 2.83 3.83 
4 1.67 2.58 1.67 4 2.08 1.92 0.42 
5 2.67 3.25 3.08 5 2.00 2.75 3.33 
6 4.50 4.33 3.25 6 5.17 5.17 4.92 
7 3.50 4.33 2.50 7 2.75 3.08 3.50 
8 3.92 1.83 2.83 8 4.42 2.50 1.25 
9 2.83 1.75 0.67 9 3.42 3.67 4.58 
10 4.92 5.25 4.50 10 2.83 4.17 2.75 
Mean 3.36 3.23 2.58 Mean 3.58 3.47 3.31 
 
A 3 (display) x 2 (group) repeated measures ANOVA was conducted on the 
Modified Cooper-Harper (MCH) workload scores for Experiment 2 (Table 29).  The data 
for the MCH scores failed to reach significance for either the main effect of Display or 
Group.  There was no significant interaction. 
Table 29. MCH workload ratings for Experiment 2. 
MCH Experiment 2 
Pilot JSF DA ASAR FTE JSF DA ASAR
1 1 1 2 1 2 3 2 
2 2 2 2 2 2 3 3 
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MCH Experiment 2 
3 3 3 4 3 3 2 3 
4 2 3 3 4 3 3 3 
5 2 2 3 5 2 2 2 
6 2 3 1 6 2 2 2 
7 2 3 2 7 4 3 3 
8 2 3 3 8 1 2 3 
9 2 3 3 9 3 3 2 
10 2 2 1 10 2 3 3 
Mean 2.0 2.5 2.4 Mean 2.4 2.6 2.6 
 
5.3 Experiment 3 Results 
5.3.1 Analysis of Off-Axis UAR Data 
The data for Experiment 3 consisted of UAR results for off-axis CREs, off-axis 
reaction time, transitional CREs, and total time to complete the UAR task.  The first two 
DVs, off-axis reaction time and accuracy, were utilized only as a means to check that 
each participant was actively using the off-axis ASAR symbology prior to switching to 
one of the three on-axis HUD formats to complete the UAR and therefore were not part 
of the data used in analyzing Experiment 3 results.  Another reason for not using the off-
axis reaction time and accuracy data is that the off-axis ASAR symbology was the only 
display used off-axis, so there was no comparison available for the off-axis data. 
The Experiment 3 CRE data was compiled during the transition from off-axis to 
on-axis symbology formats as a measure of confusion or loss of SA brought on by 
switching between dissimilar configural displays during task completion.  The total time 
to recovery data was compiled to assess differences in speed when transitioning between 
similar and dissimilar configural displays.  If ease of transitioning between configural 
displays is facilitated by the use of similar vs. dissimilar configural displays during task 
completion, then two means of assessing differences in SA from the configural display 
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designs is through occurrence of CREs during off-axis to on-axis transitions and the 
overall time to complete the UAR task. 
5.3.2 Results for Off-Axis Transitional CREs 
The data for instances of CREs during off-axis to on-axis transitions was 
measured as a count of the number of times aircraft stick input was reversed in direction 
> 5-degrees of roll up until three seconds after the on-axis symbology was present.  The 
time limit for measuring transitional CREs was based on 1) the requirement for the on-
axis symbology to be visible within the HMD field-of-view and accessible to the 
operator, and 2) the need to keep the CRE time measure short enough to separate 
instances of CREs from control inputs needed to complete the recovery once the operator 
had transitioned on-axis.  If the measurement of CREs continued too long once the 
operator had access to the on-axis symbology, the ability to separate out aircraft control 
inputs due to completing the UAR and control inputs resulting in confusion or loss of SA 
would have been lost. 
For the transitional CRE data, a 3 (display) x 2 (group) repeated measures 
ANOVA was conducted in SPSS on the count of CREs occurring during the off-axis to 
on-axis transition.  The alpha level for all Experiment 3 ANOVAs was set at α = .05.  The 
Huynh-Feldt correction for Sphericity was used for obtaining p-values for within-subject 
variables. 
The data for count of transitional CREs failed to reach significance for the main 
effect of Display, F (1.84, 16.59) = 2.43, p = .12, as well as for the main effect of Group, 
F (1, 9) = .002, p = .97 (Table 30).  Participants using the JSF HUD during the UAR task 
had a 3% CRE rate, DA HUD a 3.4% CRE rate, and the ASAR HUD had a 2.9% CRE 
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rate (240 UARs completed, i.e., 12 UARs x 20 participants) (Figure 67). There was no 
significant interaction. 
Table 30. ANOVA Results for Off-Axis Transitional CREs. 





Square F Sig. 
Observed 
Power 
Display Huynh-Feldt 16.033 1.843 8.699 2.433 .121 .406
Error (Display) Huynh-Feldt 59.300 16.587 3.575      
Group Huynh-Feldt .017 1.000 .017 .002 .969 .050
Error (Group) Huynh-Feldt 92.150 9.000 10.239      
Display * Group Huynh-Feldt .433 1.476 .294 .058 .897 .057
Error (Display * Group) Huynh-Feldt 66.900 13.286 5.035      
 
 
Figure 67. ANOVA results for CREs by display for Experiment 3. 
5.3.3 Results for Off-Axis Total Time to Recovery 
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The data for total time to complete the off-axis to on-axis UAR was measured in 
seconds from the time of presentation of the off-axis ASAR in the HMD until the aircraft 
had reached the on-axis horizon line and was stabilized between ± 5-degrees of bank and 
± 2-degrees of climb-dive angle.  A 3 (display) x 2 (group) repeated measure ANOVA 
was used to analyze the data for total time to recovery for the off-axis to on-axis UAR 
task.  The data for total time to recovery failed to reach significance for the main effect of 
Display, F (2, 18) = .408, p = .66.  The data for total time to recovery for the main effect 
of Group approached significance, F (1, 9) = 3.72, p = .086 (Table 31).  Examination of 
the means for Group showed that pilots on average had faster total time to recovery at 
15.5 seconds versus FTEs recovering on average at 16.5 seconds, although this is not 
statistically significant.  There was no significant interaction. 
Table 31. ANOVA Results for Off-Axis Total Time to Recovery. 





Square F Sig. 
Observed 
Power 
Display Huynh-Feldt .938 2.000 .469 .408 .671 .106
Error (Display) Huynh-Feldt 20.703 18.000 1.150      
Group Huynh-Feldt 12.691 1.000 12.691 3.719 .086 .407
Error (Group) Huynh-Feldt 30.715 9.000 3.413      
Display * Group Huynh-Feldt .523 1.575 .332 .161 .803 .069
Error (Display * Group) Huynh-Feldt 29.319 14.175 2.068      
 
5.3.4 Analysis of Subjective Results 
Each participant completed a SART scale for SA and Modified Cooper-Harper 
scale for workload following each block of 12 UARs for each symbology set for a total of 
3 SA and 3 workload scores per participant for Experiment 3.  For the SART scale, 
scores were compiled using the method from Taylor and Selcon (1994): SART score = 
Situation Understanding - |Demand of Attention - Supply of Attention|.   
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A 3 (display) x 2 (group) repeated measures ANOVA was conducted on the 
SART scores for Experiment 3 (Table 32).  The data for the SART scores failed to reach 
significance for either the main effect of Display, F (2, 18) = .75, p = .47 or Group, F (1, 
9) = 1.13, p = .32.  There was no significant interaction. 
Table 32. SART ratings for Experiment 3. 
SART Experiment 3 
Pilot JSF DA ASAR FTE JSF DA ASAR
1 5.00 3.58 5.00 1 5.58 5.33 4.50 
2 3.25 1.92 2.17 2 1.42 3.58 2.33 
3 2.33 4.67 2.00 3 2.75 2.67 1.92 
4 2.00 2.00 2.00 4 0.75 0.83 1.33 
5 4.58 4.33 5.50 5 2.50 2.75 2.00 
6 4.25 4.08 2.67 6 4.25 4.00 4.42 
7 5.00 3.58 4.17 7 4.25 3.58 3.92 
8 2.92 2.08 4.33 8 3.33 4.08 2.83 
9 4.58 2.25 2.17 9 3.83 4.25 4.25 
10 5.17 5.17 5.17 10 2.58 3.33 2.83 
Mean 3.91 3.37 3.52 Mean 3.12 3.44 3.03 
 
A 3 (display) x 2 (group) repeated measures ANOVA was conducted on the MCH 
scores for Experiment 3 (Table 33).  The data for the MCH scores failed to reach 
significance for either the main effect of Display or Group.  There was no significant 
interaction. 
Table 33. MCH workload ratings for Experiment 3. 
MCH Experiment 3 
Pilot JSF DA ASAR FTE JSF DA ASAR
1 2 2 2 1 2 2 3 
2 1 3 2 2 4 3 4 
3 1 3 2 3 2 2 2 
4 2 2 2 4 3 3 3 
5 3 3 3 5 3 3 2 
6 3 2 1 6 2 2 2 
7 2 2 3 7 3 3 3 
8 2 2 3 8 2 2 2 
9 2 3 3 9 3 3 3 
10 1 1 2 10 2 3 2 
Mean 1.9 2.3 2.3 Mean 2.6 2.6 2.6 
 
5.4 Experiment 4 Results 
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The purpose of Experiment 4 was to examine the effect of adding a visual scene 
to the off-axis UAR task and the impact it might have on the transition between 
configural displays.  Would the availability of real-world visual cues as to aircraft 
orientation (e.g., real horizon, clouds, ground, etc…) impact operator attention when 
using the off-axis HMD symbology?  Typical real-world use of off-axis HMD symbology 
is conducted under day or enhanced visual conditions (infrared or night vision).  
Experiment 4 added a day VMC scene (high-resolution data base of Edwards AFB) to the 
start of the off-axis task that was accessible to the operator until their head was back 
forward on-axis.  The visual scene gradually transitioned from day VMC to day IMC 
(e.g., clouds) through use of the HMD head tracker as the operator moved their head from 
90-degrees off-axis to full on-axis.  The visual scene was absent once the operator was 
on-axis (as in Experiment 3) to insure that actual recovery of the aircraft was 
accomplished using the on-axis configural display versus the natural world horizon. 
5.4.1 Analysis of CRE Data  
A 3 (display) x 2 (group) x 2 (scene) repeated measure ANOVA was used to 
analyze the data for instances of transitional CREs for the off-axis to on-axis UAR task 
with visual scene added.  The alpha level for all Experiment 4 ANOVAs was set at α = 
.05, and the Huynh-Feldt correction for Sphericity was used for obtaining p-values for 
within-subject variables. 
The data was made up of the count of CREs by display from Experiment 3 
combined with the new data from Experiment 4 to directly compare the instances of 
CREs between the no visual scene (Experiment 3) and visual scene (Experiment 4) 
conditions.  The data for count of transitional CREs failed to reach significance for the 
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main effect of Display, F (2, 18) = 1.67, p = .22, Group, F (1, 9) = .237, p = .64, or 
Scene, F (1, 9) = 1.21, p = .30 (Table 34). There were no significant interactions.  The 
pilots using the JSF HUD with scene available committed a 3.2% CRE rate, DA HUD a 
3.3% CRE rate, and with the ASAR HUD a 3.4% CRE rate (Figure 68).  
Table 34. ANOVA results for occurrence of CREs in Experiment 4. 





Square F Sig. 
Observed 
Power 
display Huynh-Feldt 7.117 1.697 4.195 1.669 .222 .278
Error(display) Huynh-Feldt 38.383 15.269 2.514      
scene Huynh-Feldt 5.208 1.000 5.208 1.211 .300 .167
Error(scene) Huynh-Feldt 38.708 9.000 4.301      
group Huynh-Feldt 5.208 1.000 5.208 .237 .638 .072
Error(group) Huynh-Feldt 197.375 9.000 21.931      
display * scene Huynh-Feldt 12.017 2.000 6.008 2.468 .113 .431
Error(display*scene) Huynh-Feldt 43.817 18.000 2.434      
display * group Huynh-Feldt .817 1.607 .508 .112 .853 .063
Error(display*group) Huynh-Feldt 65.350 14.462 4.519      
scene * group Huynh-Feldt 6.075 1.000 6.075 1.918 .199 .236
Error(scene*group) Huynh-Feldt 28.508 9.000 3.168      
display * scene * group Huynh-Feldt .650 2.000 .325 .107 .899 .064





Figure 68. ANOVA results for CREs by scene & display for Experiment 4. 
5.4.2 Results for Off-Axis Total Time to Recovery with Scene 
The data for total time to complete the off-axis to on-axis UAR with a visual 
scene added was measured the same as in Experiment 3, in seconds from the time of 
presentation of the off-axis ASAR in the HMD until the aircraft had reached the on-axis 
horizon line and was stabilized between ± 5-degrees of bank and ± 2-degrees of climb-
dive angle.  A 3 (display) x 2 (group) repeated measure ANOVA was used to analyze the 
data for total time to recovery for the off-axis to on-axis UAR task with scene.  The data 
for total time to recovery failed to reach significance for the main effect of Display, F 
(1.8, 16.5) = .853, p = .44.  The total time to recovery data for the main effect of Group 
also failed to reach significance, F (1, 9) = 1.44, p = .26 (Table 35).  There was no 
significant interaction.  
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Table 35. ANOVA Results for Off-Axis Total Time to Recovery with Scene. 





Square F Sig. 
Observed 
Power 
display Huynh-Feldt 1.078 1.833 .588 .853 .435 .167
Error(display) Huynh-Feldt 11.376 16.494 .690      
Group Huynh-Feldt 6.606 1.000 6.606 1.437 .261 .189
Error(Group) Huynh-Feldt 41.389 9.000 4.599      
display * Group Huynh-Feldt 1.328 1.844 .720 1.000 .383 .189
Error(display*Group) Huynh-Feldt 11.955 16.598 .720      
 
5.4.3 Analysis of Subjective Results 
Each participant completed a SART scale for SA and Modified Cooper-Harper 
scale for workload following each block of 12 UARs for each symbology set for a total of 
3 SA and 3 workload scores per participant for Experiment 4.  For the SART scale, 
scores were compiled using the method from Taylor and Selcon (1994): SART score = 
Situation Understanding - |Demand of Attention - Supply of Attention|.   
A 3 (display) x 2 (group) repeated measures ANOVA was conducted on the 
SART scores for Experiment 4 (Table 36).  One pilot failed to complete a SART rating 
for the DA HUD (Table 33).  The data for the SART scores failed to reach significance 
for either the main effect of Display, F (2, 16) = .817, p = .45 or Group, F (1, 8) = .178, p 
= .68.  There was no significant interaction. 
Table 36. SART ratings for Experiment 4 
SART Experiment 4 
Pilot JSF DA ASAR FTE JSF DA ASAR
1 5.33 4.83 4.50 1 5.92 6.25 6.50 
2 2.25 2.00 1.75 2 2.75 3.25 2.50 
3 2.92 2.25 2.25 3 3.08 2.83 2.83 
4 2.33 2.33 2.33 4 1.42 0.83 1.00 
5 3.67 4.42 4.25 5 2.50 2.50 2.00 
6 4.25 4.25 3.67 6 3.67 4.00 2.75 
7 3.50 4.00 4.17 7 4.25 4.25 4.92 
8 2.33 2.08 2.25 8 2.58 3.58 3.00 
9 3.92  missing 2.00 9 3.83 3.58 4.17 
10 5.25 4.83 4.92 10 3.17 2.75 3.08 
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Mean 3.58 3.44 3.21 Mean 3.32 3.38 3.28 
 
A 3 (display) x 2 (group) repeated measures ANOVA was conducted on the MCH 
scores for Experiment 4 (Table 37).  The data for the MCH scores failed to reach 
significance for either the main effect of Display or Group.  There was no significant 
interaction. 
Table 37. MCH workload ratings for Experiment 4. 
MCH Experiment 4 
Pilot JSF DA ASAR FTE JSF DA ASAR
1 2 2 2 1 2 2 2 
2 1 1 1 2 2 3 3 
3 2 2 1 3 2 2 2 
4 2 2 2 4 3 3 3 
5 2 2 2 5 3 3 2 
6 2 3 1 6 3 3 3 
7 2 2 2 7 3 3 3 
8 2 4 3 8 2 2 2 
9 2 2 2 9 3 3 3 
10 1 1 1 10 3 3 2 
Mean 1.8 2.1 1.7 Mean 2.6 2.7 2.5 
 145
6.0 DISCUSSION 
The current research sought to determine if different aircraft configural displays 
with different emergent features contribute to the formation of operator SA.  Configural 
displays were examined due to the fact that emergent features serve as the central 
component of all configural display designs, and emergent features have been shown to 
improve perception of information for integration tasks.  The theory of SA holds as a 
tenant that for SA to be established, operators must perceive information in the 
environment related to task goals (i.e., Level 1 SA).  It was proposed that the display 
features within configural displays would allow for information in visual displays to be 
perceived more readily and thereby lead to better operator SA.   This idea was drawn in 
part from the distinction made by Woods (1991) between designing for information 
extraction vs. data availability.  As stated by Bennett and Flach (1992) when contrasting 
information extraction and data availability, “Designs that consider data availability alone 
often leave to the observer the burden of collecting relevant data, maintaining these data 
in memory, and mentally integrating these data to arrive at a decision”.   
An issue for configural displays is what design aspects of configural displays best 
facilitate information extraction and provide a basis for the formation of SA?  As put by 
Bennett and Flach (1992), “Although there is general consensus that configural displays 
have the potential to improve human-machine system performance, there is less 
agreement on the principles or heuristics that should be used as design guidelines.  Is the 
simple act of assigning variables to parts of geometric objects sufficient to improve 
performance when more than one variable must be considered (an integration 
task)”?  The same question could be asked for SA as was done for performance.  Would 
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any configural display using an emergent feature provide the same level of SA to an 
operator for integration tasks?  The current research took aspects of SA theory proposed 
by Endsley (1988, 1995) to be important to the development of SA in the design of visual 
displays and examined them in light of existing configural displays design guidelines to 
establish which configural display guidelines should promote SA based off of Endsley’s 
theories of how SA is achieved.  A summary of configural display design guidelines from 
a review of the literature was compiled in Table 3.  The design features of configural 
displays highlighted for the current research were (from Table 3): 
• Emergent features are useful only to the extent that they discriminate goal-relevant system states. 
The more the emergent feature carrying the information pops out, the more effectively system 
states will be discriminated (Buttigieg and Sanderson, 1991). 
• Configural displays features must emerge over time just as much as over space in conveying 
information about processes that vary over time (Buttigieg and Sanderson, 1991). 
• The effectiveness of a configural display in facilitating performance on integration tasks depends 
on how well the critical information from the underlying domain has been encoded into the static 
form and dynamic behavior of a display (Bennett and Flach, 1992). 
• A figure such as a triangle is not recognized by the detection of its component line segments but 
by the detection of more complex features such as intersections or closedness (Pomerantz et al., 
1977). 
• To minimize errors from scanning and searching, integrate system parameters that must be 
considered in evaluating a process within a single attentional field (i.e., within foveal vision) 
(Wickens, 1986). 
 
Their relevance to the theory of SA (Endsley, 1988, 1995) is: 
• Information in visual displays should be organized so that the information needed for a particular 
goal is collocated and directly answers the major decisions associated with the goal.  Mapping 
emergent features with information to satisfy task goals should improve operator SA. 
• Emergent features that vary in shape to become more salient and capture operator attention when 
most needed (e.g., critical system states) should be more effective at conveying information 
necessary for task goals leading to better operator SA. They should distinctly convey changes in 
system state. 
• Configural displays that utilize the emergent property of closure should facilitate operator 
perception of needed task information (Level 1 SA). 
• Emergent features in configural displays should conform in shape to convey information within 
the operator’s central visual field to express the full extent of system constraints to the operator.  
Allowing operators to capture the full range of system parameters (e.g., ±90-degrees aircraft 
attitude) at a glance should lead to better SA of system state. 
 
A summary of the configural display features important to SA in the current research is 
shown in Table 38. 
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Table 38. Configural display properties important to SA in Experiments 1-4. 















form the shape of a 
“ladder”. The 
shape of combined 
lines expressing the 
ladder is distinct 
from the individual 
lines themselves. 
No. The lines of 
the ladder are 
mapped to 
represent aircraft 
attitude, but only 
a partial amount 
of the total range 
of attitude is 
visible to the 
operator (about 
±10º of a possible 
±90º of attitude). 










climb and shape 
coding for dive. 
No. The JSF 






bent lines for 


















Same as JSF.  The 
configural feature 
of a ladder is 
expressed from 
individual lines 
that when grouped 
in proximity to one 
another provide a 
distinct perceptual 
feature of a ladder. 
No. The lines of 
the ladder are 
mapped to 
represent aircraft 
attitude, but only 
a partial amount 
of the total range 
of attitude is 
visible to the 
operator (about 
±10º of a possible 
±90º of attitude). 









shape coding for 
both climb and 
dive. 
No. The DA 
HUD ladder is 
composed of 
progressively 
bent lines for 
climb and dive 
angles, but the 















Yes.  Arc 
expands to 
form a circle 




















arranged to form 
the shape of an arc. 
Yes. Aircraft 
attitude is mapped 
onto the arc of the 
ASAR.  The arc 
represents climb 
angle when the 
arc contracts to < 
½ of a circle.  
When expanding 
in shape >½ of a 
circle, the arc 
represents dive 
angle.  The full 
range of aircraft 
attitude is visible 
to the operator 
(±90º of attitude). 
Yes. The arc 
changes shape to 
convey climb 
and dive, rotates 




“gap” in the arc 
and horizon 
“pointers” at 




the property of 
closure for 
dive angles by 
increasing 
closure as dive 
angle increases 
to form a 






But what were the goals for operators in completing the UAR task for the 
experiments conducted?  As expressed by Reising et al. (1988), the task goals for 
operators in experiments 1-4 were to determine: 
 148
1) Am I going up or down? 
2) Am I inverted? 
3) Where is the horizon? 
 
The configural display design features that allowed operators to best determine the 
answers to the questions above for completion of the UAR task should have led to better 
SA formation and a higher likelihood of better task performance. 
For the current research, three types of SA measures, implicit, explicit, and 
subjective, were utilized to quantify operator SA in Experiments 1-4.  SA can be thought 
of as an internalized mental model of the current state of the environment (Endsley, 
1997).  As SA is a construct separate from but supporting operator decision making and 
performance, design processes hypothesized to impact operator SA and reflect the state 
of internal models can be reflected in differences in operator task performance.  The four 
experiments in the current research built upon one another in examining the contributions 
of configural display design properties to the formation of operator SA.  Experiment 1 
examined the perceptual aspects of SA and how quickly information could be extracted 
from an aircraft attitude display by an operator across a given set of geometric shapes 
(e.g., straight ladder, articulated ladder, and attitude arc) for brief exposure durations. 
Experiment 2 took on a more applied and operational use of the same configural displays 
found in Experiment 1 through the use of an operator-in-the-loop dynamic control task.  
Experiment 2 examined the transferability of the results from Experiment 1 to a real 
world control task commonly performed by pilots.  Experiment 3 added an off-axis 
configural display to those configural displays used in Experiment 2 to examine 
compatibility issues of configural displays when a task is started using one configural 
display but completed when switching to another configural display during the task. 
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Finally, Experiment 4 replicated the conditions and configural displays from Experiment 
3 but added a visual scene off-axis for the operator to reference when initiating the 
aircraft control task (i.e., UAR).  This final experiment sought to examine a real world 
example of how pilots would use the HMD in flight and to what degree would an off-axis 
attitude reference help or hinder determination of aircraft orientation with a real world 
horizon present in the HMD. 
Training for Experiment 1 consisted of free flight time in the JSF simulator, 10 
practice UAR trials, and then practice trials interpreting aircraft attitudes displayed in the 
computer monitor.  The pilots had to achieve 100% correct on the practice UARs in the 
simulator before going on to the computer portion of the study.  Pilots practiced recall of 
aircraft UARs presented for 100ms and 500ms on the computer monitor before 
completing the trail for Experiment 1. 
Pilots and FTEs received an on average one hour of free flight and practice UAR 
trials in the JSF simulator for Experiments 2-4 before going on to actual UAR trials.  
Both groups had to achieve 100% correct responses for the practice UARs before being 
allowed to complete the trial conditions.  The pilots used for Experiments 1-4 were 
predominantly USAF Test Pilot School graduates and therefore highly trained pilots 
familiar with evaluating experimental aircraft systems.  The pilots and FTEs in 
Experiments 1-4 had previous flight experience with the JSF HUD as the ladder format 
used to convey aircraft climb-dive attitude is similar to the F-16.  The DA HUD was 
similar to that of the JSF HUD and therefore not too unfamiliar to pilots and FTEs for 
completing the UAR task, however pilots and FTEs had no previous experience with the 
ASAR display. 
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For Experiment 1, an explicit measure of SA in the form of pilot self-report was 
used to assess differences in SA imparted by three configural displays.  For Experiments 
2-4, differences in operator performance for the given tasks were relied upon to provide a 
basis for an implicit measure of SA (Figure 69).  The delta in operator performance 
between the configural displays, each with varying levels of SA design features, provided 
the implicit measure of SA.  For Experiments 2-4, an additional subjective measure of SA 
was given following task completion to assess SA (i.e., SART scale).     
 
Figure 69. Implicit objective measure of SA used for Experiments 2-4. 
6.1 Experiment 1 – Computer-based SA Task 
In a review of configural display research, Bennett and Flach (1992) identify four 
types of experimental methodologies that have been used in the evaluation of configural 
display designs: signal detection methodology, multiple cue judgment methodology, 
retrospective memory probe methodology, and system control methodology.  For 
Experiment 1, the retrospective memory probe methodology was used.  In the 
retrospective memory probe methodology, “an observer is asked to recall information 
about the underlying domain.  Before a probe is administered, the display is removed 
from vision and the observer is forced to consult memory to perform the task” (Bennett 
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and Flach, 1992).  The retrospective memory probe (RMP) methodology is similar to the 
objective measure of SA described by Endsley (1989) called the Situation Awareness 
Global Assessment Technique (SAGAT).  The SAGAT approach to SA measurement 
follows the same procedure as the RMP, but the probes used for SAGAT cover all three 
levels of SA so that an operator is asked a question (randomly from a pool of questions) 
about Level 1 SA (e.g., what is your airspeed?), Level 2 SA (e.g., is your airspeed at the 
desired level for the task?), and Level 3 SA (e.g., what will your airspeed be in +10 
seconds?).  For Experiment 1, just questions that would pertain to Level 1 SA were used.   
6.1.1 Hypothesis.  It was hypothesized that there would be a difference shown 
between the three configural displays with different visually prominent emergent features 
(JSF HUD, DA HUD, and ASAR HUD) for determining aircraft orientation (correctness 
for climb or dive condition) and precision of aircraft attitude (RMS error for climb or 
dive angle) for the static UAR control task.  Unlike previous configural display research 
which compared operator performance for separable displays (e.g., bar graph) against 
configural displays (e.g., triangle), Experiment 1 compared configural displays formats 
against one another to determine what design factors contributed to increases in operator 
SA.   
6.1.1.1 Correctness Data 
The first part of hypothesis 1 dealt with the divided attention task for Experiment 
1 in which the pilot had to integrate data across the display to arrive at the answer for 
determining aircraft orientation. The results from Experiment 1 showed that the ASAR 
led to a significant performance difference over both the DA HUD and JSF HUD 
configural displays for correctness of determining aircraft orientation and that this 
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performance gain was true for climb attitudes as well as dive.  The performance outcome 
for pilots using the ASAR is proposed to be due in part to 1) the shape of the ASAR 
conveying the emergent property of closure to better facilitate pilot perception than the 
ladder format of the JSF and DA HUD, 2) the mapping of aircraft attitude information 
onto the ASAR allowing the full range of aircraft attitude information (i.e., ±90º) related 
to the perceptual task to be available and 3) the mapping of aircraft attitude information 
onto the ASAR that more distinctly conveyed differences between climb and dive angles 
(i.e., pilots could tell climb from dive easier with ASAR).  The percentage for correctness 
in determining aircraft orientation with all the configural displays was low given the 
importance of the information.  The ASAR which achieved the highest percent correct 
was still only at 66% overall.  Although the brief presentation of the configural displays 
is somewhat artificial compared to actual use in flight, a higher percentage was expected 
across all the configural displays used.   
6.1.1.2 Emergent Property of Closure 
The ASAR provides the emergent property of closure during aircraft dive 
conditions by expanding to eventually form a circle during steep dive angles.  Sternberg 
(1996) describes the property of closure: “We tend to perceptually close up, or complete, 
objects that are not, if fact, complete” (Figure 70). The emergent features from the JSF 
and DA HUD configural displays would be representative of the emergent property of 
symmetry rather than closure. 
 153
 
Figure 70. Example of emergent property of closure. 
6.1.1.3 Mapping System Constraints 
The mapping of system constraints onto emergent features is represented in 
Experiment 1 by the mapping of aircraft attitude onto the geometric shapes of the JSF 
and DA HUDs (ladder) and the ASAR HUD (circle).  The invariant is the limit of aircraft 
attitude possible, meaning the representation of +90 degrees for aircraft climb and -90 
degrees for aircraft dive.  As seen in Figure 71, the ARAR conveys the full range of 
aircraft attitude information over the same amount of display space reducing the amount 
of searching by the pilot to access the information.  The JSF and DA HUD configural 
displays are limited in how much attitude information they are able to show at any given 
time by the display space available (i.e., the ladder is truncated by the display, Figure 72). 
 
Figure 71. ASAR displaying full range of aircraft attitude. 
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Figure 72. HUD attitude information is limited by available display space. 
6.1.1.4 Distinguishing System States 
Because the ASAR’s shape for displaying climb and dive are so different from 
one another as to the amount of arc or circle visible (Figure 71), this design feature is able 
to convey differences more readily to pilots than the ladder format used by the JSF and 
DA HUD.  The ladder emergent feature is subject to issues with symmetry above and 
below the horizon, and pilots possibly having difficulty determining climb from dive 
(Figure 73).  This has been an issue since the HUD ladder first began being used as an 
attitude reference (McNaughton, 1985), and attempts to distinguish the top and bottom 
portions of the ladder from one another have resulted in additional shape coding such as 
solid lines for climb and dashed lines for dive in addition to the ladder bending during 
dive to further distinguish attitude conditions. 
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Figure 73. Symmetry issues in HUDs (McNaughton, 1985).  
6.1.1.5 Attentional Field 
The impact of having displayed information within foveal vision as suggested by 
Wickens (1986) cannot be ruled out as a possible contributing factor for the performance 
differences found.  All of the information needed to determine whether or not the ASAR 
was showing climb or dive angle information could be determined without the pilot 
having to shift their visual scan since the shape of the ASAR is compact enough to allow 
climb-dive information to be sampled in location.  This is contrasted with either HUD 
ladder configural display, the JSF and DA HUD displays, whose ladder shape distributed 
the attitude information needed for the task across the display space requiring pilot’s to 
use a more active scan.  The ASAR subtended about 3.7º of visual angle for each pilot 
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since the size of the ASAR on the computer monitor was 39.1mm (about 1.55-inches) 
and the viewing distance was approximately 609mm (24-inches) given: 
tan(Ө1) = (|19.5| / 609) 
Ө1 = arctan (.032) 
Ө = 2 * 1.84 = 3.67º 
The JSF and DA HUD configural displays were conformal attitude references, 
meaning the lines forming the ladder and representing climb-dive angles overlaid the 
real-world angles above and below the horizon that they were representing, therefore a 5º 
climb angle line in a HUD would be 5º above the aircraft symbol, typically the fixation 
point for the pilot.  To capture the minimal amount of climb-dive information (i.e., one 
climb angle line and one dive angle line) in the JSF HUD and DA HUD configural 
displays, a pilot would need to scan a total of 10º at best if the aircraft symbol was at the 
horizon line.  In a dynamic environment where the HUD climb-dive angle lines are 
moving, the required scan could be much larger.  In contrast, the amount of scan required 
to access climb-dive angle information in the ASAR remains constant, even in dynamic 
flight conditions.  In summary, the formation of SA through the use of configural 
displays appears to be impacted by the salience of the emergent feature (closure), range 
of system information available relevant to task goals (mapping system constraints), and 
ability to distinguish system states from one another (climb vs. dive).  The effect of 
locating configural display information within a single attentional span is related to the 
idea of making visible all information required for the task (mapping system constraints), 




6.1.1.6 RMSE Data 
The second part of hypothesis 1 stated that there would be a difference among the 
three configural displays for RMS error values for determining precision of aircraft flight 
path angle (climb or dive angle).  The RMS error values for Experiment 1 did not reveal 
any significant difference among the three configural displays for determining aircraft 
climb or dive angle, hence this portion of hypothesis 1 was not supported.  Operator 
identification of low-level data (i.e., precision information) using configural displays in 
previous research has consistently been shown to lead to poorer performance compared to 
separable displays, that is, when determining information related to individual system 
parameters (focused attention), configural displays typically sacrifice detailed 
information while effectively conveying high-level system state (Bennett and Flach, 
1992; Wickens and Andre, 1988).  It could be that when comparing configural displays 
against one another, the three configural displays used were equally good at providing 
pilots with precision information for aircraft climb-dive angles.  The results for the 
RMSE data for Experiment 1 are consistent with previous results found when comparing 
configural vs. separable displays in that configural displays typically do not impart both 
global awareness of system state to the operator while at the same time conveying 
detailed single-sensor status effectively in a unitary shape designed to integrate multiple 
pieces of system information. 
The MCH workload data revealed a consistent and acceptable level of pilot 
workload during the static UAR task for all three configural displays, hence operator 
workload was not a discriminating factor in any performance differences found for the 
configural displays.  The result that pilots were significantly more accurate with the 
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1000ms rate condition versus the 500ms rate is not surprising given that they had twice 
the amount of time to determine aircraft attitude during the 1000ms rate condition.   
6.2 Experiment 2 – On-Axis UAR Task 
6.2.1 Hypothesis 1.  It was hypothesized in Experiment 2 that there would be a 
difference in operator performance for three configural displays with different visually 
prominent emergent features for the UAR control task.  Experiment 2 served as an 
extension of Experiment 1 in that operators in Experiment 2 attempted to determine 
aircraft attitude as in Experiment 1 but during dynamic conditions and with information 
readily visible during task completion. The system control methodology as described by 
Bennett and Flach (1992) was the approach taken in Experiment 2 for comparing 
configural displays for SA formation.  In the system control methodology, “an observer 
monitors a continuously available dynamic display and controls a dynamic system. To 
complete this type of task, an observer must extract information from the displays, 
integrate the information, and compare it to performance goals. Control inputs must then 
be selected and executed and feedback from the displays must be obtained” (Bennett and 
Flack, 1992).  The same configural display design features focused on in Experiment 1 
were important to the outcome of results hypothesized for Experiment 2, the emergent 
property of closure, the mapping of system constraints to convey operator goals, and 
emergent features emerging over time to distinctively convey changes in system state. 
6.2.1.1 UAR Reaction Time Data 
The results for operator initial reaction time to UAR conditions used in 
Experiment 2 proved inconclusive as to which configural display features best supported 
operator SA in that the ASAR had the fastest operator reaction time over the other two 
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configural displays, yet reaction time with the ASAR approached significance (p = .08) 
but did not reach significance.  There was low statistical power for the main effect of 
display in Experiment 2 (power = .49), and a power analysis to determine the number of 
participants required to achieve sufficient power for Experiment 2 was not conducted as 
the effect size was not known.  The largest mean difference in reaction time for the UAR 
task for the configural displays in experiment 2 was .05 seconds, not an operationally 
significant difference.  With configural displays already shown to be very good display 
for providing information for integration tasks, it could be that to find significant 
differences between design features in configural displays that are all good at conveying 
attitude information, more statistical power than is usual would be required to uncover 
any statistical significant differences.  Bennett and Flach (1992) stated that “control can 
be a complex skill that varies widely as a function of many factors (most important, 
observer experience) in addition to the factor of representation or display design. For this 
reason the control task is not a very sensitive experimental context within which to 
evaluate alternative display formats unless a subject pool of highly trained controllers is 
available”.  Experiment 2 did utilize a group of 10 highly trained pilots for the UAR task, 
but given the small mean difference observed for the three configural displays in 
Experiment 2, it is not clear whether increasing the number of subjects would have an 
operationally meaningful impact on operator reaction times. 
A review of the operator comments for Experiment 2 (Table 39) supports the 
design feature of mapping attitude information to be fully visible within the display.  
Having aircraft attitude information available at a glance without the requirement for 
scanning should support faster operator UAR reaction times, and the trend in results for 
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reaction time data in Experiment 2 for the ASAR display supports this conclusion.  
Operator comments from Table 39 also lend support to the design feature of closure in 
the ASAR for facilitating awareness of aircraft attitude, particularly during dive attitudes 
when the ASAR is most visually prominent.  Both pilots and FTEs reported that 
determining climb and dive attitudes was easy with the ASAR.  The ability for pilots and 
FTEs to determine climb attitudes was most likely due to the distinct difference in the 
ASAR for climb vs. dive, as the results from Experiment 1 showed.  As expressed in 
configural display research by Sanderson, Haskell, and Flach (1992), “it should be 
possible to make invariants of a process directly visible to an operator by mapping them 
to emergent features of the display.  For this to be successful, the changes in an emergent 
feature over time must be distinct, as for instance when an enclosed shape moves from 
concavity to convexity”.  The distinct difference in the ASAR for conveying climb and 
dive attitude information as the shape of the ASAR changes over time appears to be 
easier to interpret given operator comments and the trend in UAR reaction time results.  
The participant comments collected on the DA HUD configural display for 
Experiment 2 revealed the possibility of participants experiencing delays in responding to 
UARs due to a need to adjust their behavior for rolling into the funnel during climb and 
taking the time to ensure they executed the correct recovery procedure.  The recovery 
procedure for climb UARs was made to be very different from what was used for dive 
UARs for two reasons, 1) the current U.S. Air Force climb UAR procedure states that 
pilots must roll 90-degrees to the horizon and allow the nose of the aircraft to drop versus 
rolling inverted and pulling towards the horizon (as is done for U.S. Navy Pilots and U.S. 
Marine Corp pilots), and 2) there was a desire to have a distinct recovery for climb 
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different from dive as an additional check that pilots and FTEs knew what attitude they 
were viewing at the time of initial display presentation.  Most pilots are trained to “roll 
into the funnel” produced by the bending flight path angle lines as is done for all military 
services for the dive UAR condition.  For the climb condition in Experiment 2, when 
pilots and FTEs saw the “funnel” with the DA HUD, they had to be sure of the attitude 
being conveyed, since the recovery procedures were different for the climb funnel vs. the 
dive funnel in the DA HUD.  This recovery procedure was used across all three displays 
for climb UARs, but the only one impacted, according to operator feedback, was the DA 
HUD.  
6.2.1.2 UAR CRE Data 
There was no significant difference in performance among the three configural 
displays for the CRE results.  The results for the CRE data serve as a check to assist with 
determining when participants might have committed a speed/accuracy tradeoff while 
performing the UAR task, meaning did participants react quickly to the displayed UA 
information but sacrifice accuracy in doing so.  The outcome of CRE results from 
Experiment 2 suggest that the three configural displays were equally good at allowing 
participants to quickly respond to UAR trials without sacrificing accuracy since there was 
no significant difference in occurrence of CREs. The amount of CREs determined by the 
U.S. Air Force to be acceptable during UARs is 10% (AFM 11-217) which all three 
configural displays were below (JSF 6%, DA 7%, and ASAR 6% CRE rate). 
6.2.1.3 UAR Total Time Data 
The third measure of operator performance used in Experiment 2, the total time to 
recover for the presented UA, generally serves as a secondary measure for visual display 
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effectiveness in conveying relevant task information to the operator.  If a display is 
effective at conveying aircraft attitude information, performance differences could 
produce faster initial reaction times to UAR trials leading to overall faster task 
completion times, conversely, confusion or uncertainty about the information presented 
could cause latency of participant response.  For the UAR task in Experiment 2, there 
was no significant difference among the three configural displays for the total time to 
recovery metric.  This outcome is not surprising since the reaction time data did not reach 
significance either, hence there was no initial time advantage for any configural display 
to make a difference in overall time to complete the UAR task.  There was, however, a 
significant difference shown for type of recovery performed.  Operators were 
significantly faster overall for completing dive UARs vs. climb UARs.  This was possibly 
due to the fact that the recovery procedure for climb extended the recovery time 
significantly due to the restriction placed on pilots and FTEs to not roll inverted during 
climb recoveries.  Not being able to “roll and pull” into the funnel during climb as done 
during dive led to longer times to complete the UAR task as the aircraft was slower to 
reach the horizon line when dropping at 90-degrees versus rapidly reaching the horizon 
(i.e., end state of task) during dive. 
6.2.2 Hypothesis 2: Expert versus Novice 
Hypothesis 2 in Experiment 2 stated that there would be a difference in UAR task 
performance for pilots and non-pilots when using three configural displays with different 
visually prominent emergent features.  An interesting and unexpected finding was that 
participants with little flight experience (i.e., FTEs) performed just as well as highly 
experienced pilots for completion of the UAR task for all configural display formats.  
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This suggests that configural displays serve to quickly raise the learning curve for 
operators with little prior training, at least for the configural displays used and for the 
UAR task completed in the current study. A review of 16 configural display studies 
revealed that only 1 of the 16 (Woods et al., 1981) utilized experts as subjects while the 
remaining 15 studies used exclusively novices as subjects (Bennett and Walters, 2001; 
Bennett, Nittoli, and Walters, 1996; Bennett, Payne, and Walters, 2005; Bennett, Payne, 
Calcaterra, and Nittoli, 2000; Bennett, Toms, and Woods, 1993; Bennett, Woods, Roth, 
and Haley, 1986; Boulette, Coury, and Bezar, 1987; Buttigieg and Sanderson, 1991; 
Buttigieg, Sanderson, and Flach, 1988; Calcatera and Bennett, 2003; Coury and Purcell, 
1988; Dryer and Stanney, 1998; Sanderson, Flach, Buttigieg, and Casey, 1989; 
Sanderson, Haskell, and Flach, 1992; Wickens and Andre, 1990).  The current research’s 
use of both expert and novice operators appears to be atypical and therefore provides a 
unique look at performance outcomes for the two user groups when using configural 
displays.  The lack of significant difference in performance between the two groups could 
be due to the fact that configural displays are easy to use and require little training.  The 
amount of training each group received for each configural display before achieving the 
performance criterion for beginning trials was on average about 1 hour, yet this short 
period of time for training was sufficient for all participants to reach the performance 
criterion set to proceed to trial participation. 
6.2.3   Hypothesis 3: SART Ratings.  The third hypothesis for Experiment 2 said 
that there would be a difference among the three configural displays for SART scores.  
The basis for using a subjective SA rating scale for Experiments 2-4 was to add an 
additional measure of SA to the performance metrics from the UAR task that were 
 164
serving as implicit measures of SA.  Subjective measures of SA are typically 
administered post-task which is often a necessity since using such scales during task 
completion can disrupt the primary task.  A downside to SA rating scales such as the 
SART is they are reliant on memory for simulation events that have just occurred during 
task completion, and “such a reliance on memory will tend to bias the subjective rating of 
SA towards the most recent occurrences” (Truitt and Ahlstrom, 2000).  This recall bias is 
known as the recency effect (Murdock, 1962).  
The SART scale was chosen for the subjective measure of SA for Experiments 2-
4 due to 1) the SART is relevant to the domain of aviation as it was developed using 
aircrew, and 2) the SART scale has been shown to “have utility in the assessment of 
human performance in a variety of skill, rule, and knowledge-based tasks, including 
tracking and monitoring aircraft HUD flight parameters, unusual aircraft attitude 
recovery, aircraft warnings comprehension, and aircraft flight simulations” (Taylor and 
Selcon, 1994).  
6.2.3.1 Situation Awareness Data 
The hypothesis that the subjective SA ratings by operators would be different for 
the three configural displays was not supported.  The SART scores for pilots and FTEs 
were found to be statistically the same across the three configural displays, hence for the 
SA scale used, there was no advantage for one configural display over another for 
subjective SA ratings for the UAR task.  The SART ratings by participants were not 
completed after each individual UAR trial, rather they were taken following each block 
of 12 UARs, therefore the SART scores reflect participant SA ratings across a 
combination of climb and dive UAR trials.  There was no practical way to administer the 
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SART scale for just dive attitude trials where the property of closure for the ASAR was 
most prominent and the biggest SA difference was expected, not without having a rating 
for each UAR trial which was impractical and prohibitive due to the time it would have 
extended the experiment.   
6.2.4 Hypothesis 4: MCH Workload Ratings 
Participants completed a MCH workload scale following each block of 12 UARs 
just after completion of the SART scale.  A workload assessment was conducted to check 
if operator workload was acceptable in the face of increases in SA, meaning at what cost 
was SA increasing during task completion if SA did in fact change?.  If operator 
workload had to increase in order for operator SA to be acceptable, the cost of obtaining 
SA would be unacceptable.  It was necessary to check and see if any operator 
performance advantages for one display format over another occurred, what associated 
cost to operator workload existed?  Was any increase in operator performance due to a 
decrease in operator workload or due to an increase in operator SA? The MCH data for 
Experiments 2-4 were almost identical in that none of the workload data showed any 
elevated or unacceptable operator workload for completion of the UAR task.  In previous 
research for configural displays, workload assessment has largely been left out, hence the 
MCH ratings in the current research were important to examine the role workload plays 
in the use of configural displays in addition to SA. 
          Table 39. Pilot and FTE comments for Experiment 2 configural displays. 
FTE Comments –  
Experiment 2: On-Axis UAR Task 
ASAR 
Digital flight path marker readout allows for easy understanding of flight 
path when it’s out of view.  Others don’t give feedback on magnitude, just 
that it’s off/outside the field of view. 
Good for very unusual attitude, but a little ambiguous for slightly unusual 
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FTE Comments –  
Experiment 2: On-Axis UAR Task 
ASAR 
attitude. 
The ASAR symbology works well to determine quickly if you are in a 
dive or climb. 
The ASAR makes you focus in one spot instead of looking at all of the 
screen and seeing where the flight path marker is. 
Really like this symbology, especially for dive recoveries. When in a 
straight up attitude, cues were hard to find. 
Symbology seemed easier regarding recovery – more intuitive which way 
to maneuver. 
ASAR seemed generally easier to interpret for the initial stick input. 
DA HUD 
Prefer single articulated. Excess information.  
Assessing up or down initial direction takes a little longer than I would 
expect. Requires extra thought to determine up or down. 
Slight difficulty with determining dive vs. climb. The ladder’s slope to 
horizon takes some getting used to. 
I like the funnel solid/dash lines; it makes it easier to tell which way you 
are pitching. 
I liked the DA better than the JSF for nose high. 
JSF HUD 
Initial assessment of attitude is easy. Easy to capture the horizon. 
 
Pilot Comments –  
Experiment 2: On-Axis UAR Task 
ASAR 
Superior to DA and JSF in initial recognition and deciding recovery 
inputs. Very stable and not complex, plenty of mental resources available. 
Symbology was new as compared to standard HUD pitch ladders. Simple 
to interpret and respond. 
ASAR symbology was very easy to process and apply in the UAR. 
I like the ASAR better than conventional symbology. 
DA HUD 
DA superior to JSF in initial recognition and reaction. Again, some delay 
in roll inputs ensuring compliance with AFI versus experience. 
The bendy bars in the climb require a quick process to check for dashed 
lines so I don’t apply the wrong procedure. 
I don’t have a problem with the symbology, I have a problem with the 
[recovery] philosophy. Rolling to wings 90-degrees to the horizon and 
slicing rather than going inverted is not the best way to recover a fighter. 
JSF HUD 
Bendy bars very intuitive in nose low scenarios. Focusing on complying 
with AFI certification recoveries for nose high recovery vs. habit pattern. 
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6.3 Experiment 3 – Off-Axis UAR Task (IMC) 
6.3.1 Hypothesis 1.  The main hypothesis for Experiment 3 stated that there 
would be a difference for three configural displays for operator CREs and total time to 
recovery for the off-axis UAR task when switching between similar versus dissimilar 
configural displays. It was anticipated that during a dynamic control task in which the 
operator was actively providing control inputs, any sudden switch to a configural display 
with salient emergent features and unlike the one initially being used could lead to a CRE 
occurrence.  The CRE served as an objective measure of operator confusion for switching 
between displays for Experiments 3 and 4. The previous research for configural displays 
has not evaluated the impact on pilot SA or performance for switching between 
configural displays during a control task.  In the domain of aviation, particularly with the 
advent of helmet-mounted displays, the requirement to switch from one aircraft attitude 
reference to another during controlled flight is becoming routine, and the impact that this 
might have on loss of SA needs to be investigated. 
6.3.1.1 Transitional CRE Data 
Hypothesis 1 was not supported in Experiment 3 as participant performance for 
occurrence of CREs when switching from similar-to-similar (ASAR-to-ASAR) and 
similar-to-dissimilar (ASAR-to-ladder) configural displays were virtually identical.  This 
result was unexpected.  It was anticipated that when participants were in the process of 
transitioning between the off-axis and on-axis attitude reference, when the displays were 
inconsistent with one another (e.g., off-axis ASAR paired with JSF HUD), the participant 
would be confused due to the change in attitude reference while providing control inputs 
and this effect would be manifested in a CRE occurrence.   
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There are four possible reasons why this effect was not found.  First, participants 
were instructed to provide control inputs off-axis with the ASAR to initiate the recovery, 
and therefore the necessary control inputs for the recovery were already executed prior to 
transitioning to the on-axis display.  The establishment of the needed control inputs prior 
to transitioning back forward appears to have provided participants with enough 
information regarding aircraft attitude to find the transitional UAR benign enough to 
suppress any occurrence of a CRE, hence the very low percentage of CREs found across 
the three configural displays. It was expected that operators would be able to establish 
sufficient SA about the orientation of the aircraft from the off-axis ASAR, but it was also 
expected that with SA already established, the abrupt transition to a different configural 
display with salient features would degrade recovery performance due to operators 
having to mentally “remap” aircraft attitude from one display to another.  The operator 
comments for this task compiled in Table 40 appear to support the conclusion that the 
ASAR provided sufficient information to the operator while still off-axis and that once 
engaged in the transition, the use of a different configural display such as the JSF or DA 
HUD did not impact their performance.  What is unclear is the degree that previous 
experience with the two HUD ladder configural displays by the pilots and FTEs (all 
which had experience with ladder attitude references) played in this easy of transition..   
Second, a similar finding was found in a study conducted by Snow et al (2003) to 
examine three proposed primary flight displays (PFDs) in the T-38C.  This study had 
pilots initiate UARs in the HUD (on-axis) and then one second later switch to the head-
down display (HDD) in the cockpit to complete the recovery (transitional UAR within 
the cockpit) to determine if differences between these displays posed conflicting cues or 
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inconsistencies that might interfere with completing the UAR task. The results by Snow 
et al. (2003) revealed that “obvious differences in scale (e.g., linear vs. logarithmic) and 
format (tapes vs. dials) apparently did not represent inconsistencies to pilots, nor did they 
interfere with pilots’ instrument crosschecks. It seems that as long as basic data (i.e., 
digital values) are present and consistent, and as long as analog trend indications don’t 
move in actual contradiction to one another, pilots are able to integrate information 
presented head-up and head-down without difficulty. The results support a conclusion 
that consistency within a PFD is more important than consistency across head-up and 
head-down PFDs”. This finding by Snow et al. (2003) may account for participants’ 
ability to switch between display formats during task completion and not find the 
disruption of switching between display formats significant enough to trigger a CRE.  
Since the ASAR represented aircraft attitude very differently from the HUD formats used 
in the current research, it’s not clear how much the finds by Snow et al. (2003) transfer or 
are applicable to the transitional CRE findings in Experiment 3.  The HUD formats used 
by Snow et al. (2003) were very similar to the head-down attitude reference, in fact the 
only real distinction between the two displays was the use of display compression and 
color (i.e., pictorial realism) for the head-down ladder.   
The third possibility is that the dependent measures used in Experiment 3 were 
insufficient to capture any confusion or disruption in operator SA when switching 
between dissimilar configural displays. It was anticipated that if a loss of SA occurred 
during transition, either the CRE measure or total time to complete the recovery measure 
would be sensitive enough to detect this effect.  This may not be the case as there were no 
significant differences found for occurrence of CREs or any significant difference 
 170
between the three configural displays for how long it took operators to complete the UAR 
task.     
The fourth possible reason why no significant differences for the configural 
displays for the transitional UAR task is that all three configural displays were good at 
conveying the information required to complete the task.  It could be that any difference 
between the configural displays was not great enough that it could not be overcome with 
training, such as the criterion training provided in Experiments 2-4 for participation. 
6.3.1.2 Time to Recovery 
The data for the total time to complete the transitional UAR task in Experiment 3 
did not reveal any significant difference in operator performance.  As operator comments 
(Table 40) showed that the transition between the off-axis and on-axis configural displays 
did not appear to impact their SA for aircraft attitude, the lack of difference in the amount 
of time to complete the UAR is consistent with the lack of differences in the occurrence 
of control reversal errors.  As long as there was no large disruption in control inputs when 
switching between configural displays, the time to complete the off-axis to on-axis UAR 
task should have been consistent, and the results for this task appear to support this 
conclusion. 
6.3.2 Hypothesis 2: Expert vs. Novice 
The second hypothesis in Experiment 3 stated that there would be a difference in 
performance for pilots and non-pilots when switching between displays for the off-axis 
UAR task.  For the occurrence of CREs, there was no difference between pilots and 
FTEs, meaning they were equally good at transitioning between off-axis and on-axis 
configural displays with little apparent disruption in control inputs.  The training for this 
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task required both pilots and FTEs to initiate the UAR off-axis with a performance 
criterion established as a check that the off-axis symbology was in active use (i.e., 
performance standards for reaction time and CRE off-axis) prior to transition on-axis.  A 
combination of this training and the use of configural displays could have accounted for 
the finding of no difference in CRE occurrence between the two groups.  The results for 
the total time to complete the transitional UAR task revealed differences between pilots 
and FTEs that approached significance (p=.086).  Pilots were on average 1 second faster 
for completion of the transitional UAR task.  This result was probably due to pilots being 
very familiar with the HUD ladder attitude reference, more so than the FTE group, and 
this higher level of experience contributed to faster transitions. 
6.3.3 Hypothesis 3: SART Ratings.  It was hypothesized that there would be a 
difference in operator SA ratings for the off-axis UAR task when switching between 
similar versus dissimilar displays. 
6.3.3.1 SART Data 
The SART scores for pilots and FTEs were found to be statistically the same 
across the three configural displays; hence as was found in Experiment 2, there was no 
difference in SA ratings for the three configural displays.  This finding was unexpected.  
It was anticipated that when using an attitude reference off-axis that was consistent with 
the on-axis display, participants would report the transition as being more intuitive and 
easier to complete, yet both workload and SA rating remained essentially unchanged for 
the three on-axis configural displays. It’s possible that since participants expressed no 
surprise when switching forward to the on-axis display, the information gained by the 
ASAR when initially providing control inputs allowed participants to have enough 
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advanced knowledge of aircraft state before the transition occurred leading to a non-event 
for the transition occurrence and subsequently to no impact on operator SA, for good or 
bad, and this was captured in the SA ratings by the operators. 
6.3.4 Hypothesis 4: MCH Workload Ratings 
Hypothesis 4 in Experiment 3 stated that there would be a difference in operator 
workload ratings when switching between displays for the off-axis UAR task.  The MCH 
workload results in Experiment 3 were virtually unchanged from that of Experiment 2.  
As can be seen in Table 40, participants did not find the transition between configural 
displays to be a demanding task.  As there was no significant difference in operator task 
performance for Experiment 3, the issue of increases in operator SA at the coast of 
increases in operator workload was not an issue for Experiment 3 transitional UAR trials. 
     Table 40. Pilot and FTE comments for Experiment 3 configural displays. 
FTE Comments –  
Experiment 3: Transitional UAR Task – IMC  
ASAR to ASAR 
Transition between symbology not a factor; hardly notice. 
Easy initial assessment of roll direction. 
ASAR is much more intuitive. I was able to more quickly assess the situation 
and more quickly start the recovery. 
With same symbology both laterally and forward, pilot does not have to switch 
mode of thinking. 
Transition from off-axis to on-axis was no easier with ASAR than pitch ladder; 
this was probably because I had an idea of the attitude I was in off-axis [with 
ASAR], so I was able to easily interpret the “new” symbology in the on-axis 
HUD. 
ASAR to DA HUD 
Transition between symbology not a factor; hardly notice. 
Combination of “Big Picture” attitude from ASAR with fine tuning using pitch 
ladder is very good for identifying a problem and correcting it after looking 
forward. 
Liked this over JSF symbology. 
Dual-articulation does not matter much when recovering off-axis. 
ASAR to JSF HUD 
Transition between symbology not a factor; hardly notice. 
Initial roll direction assessment was difficult in climb due to look angle relative 
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to aircraft roll axis. 
The transition between symbology was very smooth, mostly because I knew 
what to expect to see in the HUD [on-axis] from what the ASAR told me about 
my attitude. 
I thought the transition [from off-axis ASAR] to JSF display was smooth and 
uneventful. Transition to the forward ASAR display was OK as well. 
 
Pilot Comments –  
Experiment 3: Transitional UAR Task – IMC  
ASAR to ASAR 
Easier to transition off to on-axis with consistent symbology.  
Noticing more exact dive and climb angle immediately with ASAR. Know exact 
initial condition. 
Most intuitive. On one 60-degree nose high, no conscious thought, just reacted 
and was correct. Surprised myself. 
Transition from ASAR to ASAR keeps SA uniformly high. No mental transition, 
less clutter. 
Symbology is simple and easy to discern off-axis to on-axis. 
Looking at ASAR off-axis to ASAR on-axis was very easy. 
ASAR to DA HUD 
Off-axis is quite easy to get the recovery started. It takes a second or two to 
transition between the ASAR off-axis presentation and the pitch ladder. The 
recovery is already in progress, so there’s not much impact, but there is a feeling 
of conflicting information. 
No difference in my ability to recognize and react to double bendy versus single. 
Symbology transition from off-axis to on-axis easy. No confusion noted. 
Changing from one type of symbology (ASAR off-axis) to a different type on-
axis makes me want to confirm again what I’m seeing – I have to process more 
information this way. 
I like ASAR [off-axis] and bendy bar [DA] combination the best. 
ASAR to JSF HUD 
Easy transition to on-axis from off-axis. 
 
6.4 Experiment 4 – Off-Axis UAR Task (VMC to IMC) 
6.4.1 Hypothesis 1.  The main hypothesis for Experiment 4 stated that there 
would be a difference in operator CREs and total time to recovery for three configural 
displays when outside visual cues are present during the off-axis UAR task.  This 
hypothesis for Experiment 4 was not supported in that the occurrence of CREs from 
Experiment 3 to Experiment 4 were virtually unchanged, meaning that CRE occurrence 
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neither significantly increased nor decreased as a result of adding an outside visual scene.  
The null hypothesis for Experiment 4 was based on the presumption that participants 
would focus on the aircraft instruments since precision control was needed to accurately 
complete the UAR task and therefore the introduction of an alternate attitude indicator 
(i.e., visual scene) that conveyed less precision for aircraft control inputs would not 
greatly disrupt operator control inputs.  The basis for this hypothesis is found in the dual 
mode of vision proposed by Leibowitz and Post (1982).  The dual-mode theory of visual 
perception states that we use a focal mode of vision for object identification and 
recognition and an ambient mode of vision for locomotion and spatial orientation 
(Leibowitz and Post, 1982; Leibowitz et al., 1982; Leibowitz and Owens, 1986).  The 
UAR task is an instrument intensive task that requires predominant use of focal vision.  
Effects of outside visual cues will most likely be ignored by the operator if precision 
attitude is being sought over gross attitude awareness.  The attitude display in the HMD 
would be able to provide more precise control information through the focal mode of 
vision than would be available in the ambient mode of vision, thus participants would 
concentrate on the off-axis attitude format versus any visual scene available, particularly 
given the extremely short duration the visual scene would be present during the 
transitional UAR task (i.e., participants would not dwell off-axis but transition forward 
causing the visual scene to be removed). This idea was supported as seen in the 
comments from pilots and FTEs in Table 41.  The participants completing the UARs with 
the visual scene added reported that they ignored or did not notice the added visual 
background but instead utilized the ASAR symbology to complete the UAR.  
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Previous research by Liggett and Gallimore (2002) showed that pilots completing 
UARs with a HMD during IMC conditions and switching between frames of reference 
(moving aircraft-fixed horizon & fixed-horizon-moving aircraft) resulted in pilots 
committing a large number of CREs.  Experiment 4 employed the UAR task utilizing 
HMD symbology off-axis in brief daytime conditions to examine if the amount of 
participant CREs would diminish when compared to Experiment 3 when natural ambient 
cues used by the visual system for orientation were not present.  If the OKCR was present 
during the off-axis UARs in Experiment 4 when the natural horizon was present and 
available for the pilot to reference for aircraft orientation, it would be expected that the 
occurrence of CREs would increase since pilots would have to switch aircraft control 
strategies (i.e., frames of reference) once the transition back forward had occurred and 
only the flight instruments from the virtual HUD were available.  Increases in pilot head 
tilt would also be expected from that of Experiment 3.  As hypothesized, there was no 
difference in the occurrence of pilot CREs from Experiment 3 to Experiment 4.  Also, a 
review of the video recordings showing pilot head movements in roll, pitch, and yaw 
(Figure 74) did not reveal any head tilt as pilots and FTEs noted that they were not 
looking at the horizon off-axis but at the attitude symbology in the HMD (see Table 41).  
 
Figure 74. Example pilot head tilt during off-axis UAR in Experiment 4. 
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The dual-mode theory of vision proposed by Leibowitz and Post (1982) could 
explain the finding from Experiment 4 as to why CREs did not increase when competing 
attitude references were present, “The two modes of processing concept can best be 
described in functional terms.  It posits two independent and dissociable modes of 
processing: (1) a “focal” mode that is in general concerned with the question of “what” 
and subserves object recognition and identification; (2) and “ambient” mode concerned 
with the question of “where” which mediates spatial orientation, locomotion, and 
posture”.  Given the specific control input requirements for the initial off-axis UAR, the 
operators needed to know very specifically the presented degree of attitude for the 
aircraft in order to provide correct control inputs for roll.  This control input requirement 
would have been best facilitated through use of the aircraft instruments for determining 
the “what” (i.e., precise aircraft roll) through the focal mode of vision versus the “where” 
(i.e., up or down) with the ambient mode of vision.  The operator’s use of the HMD off-
axis attitude reference for initiating the UAR control inputs instead of the horizon 
available in the visual scene introduced off-axis in Experiment 4 resulted in a consistent 
frame of reference being used by pilots and FTEs to discern aircraft attitude, hence the 
instance of CREs remained consistent between Experiments 3 and 4. 
The transitional UAR task for Experiment 4 was concerned with checking the 
results for Experiment 3 against daytime flying conditions once the issue of actual 
display usability had been satisfied in Experiment 3.  The experimental conditions used in 
Experiment 3 were set up to allow participants only the information conveyed from one 
of the three configural displays to complete the UAR task.  If any visual scene had been 
applied during the task in Experiment 3, any results could have been implied to have 
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come from the real world visual cues as supplying aircraft orientation information versus 
the configural displays.  After having addressed this issue in Experiment 3, visual flying 
conditions could be applied and evaluated in Experiment 4 to investigate the use of 
configural displays for daytime flying conditions where more instances of controlled-
flight-into-terrain (CFIT) occur than nighttime flying conditions (i.e., IMC flight in 
Experiment 3) and for examining pilot strategies when using a HMD with an off-axis 
attitude reference during day VMC flight.  
6.4.2 Hypothesis 2: Expert vs. Novice 
The second hypothesis in Experiment 4 stated that there would be a difference in 
performance for pilots and non-pilots when switching between displays and outside 
visual cues are present for the off-axis UAR task.  The results for the dependent variables 
of CRE occurrence and total time to complete the UAR task did not reveal any significant 
differences between pilots and FTEs.  It appears from the operator comments in Table 41 
that both groups, experts and novices, focused attention on the off-axis configural display 
(i.e., ASAR) more so than on the visual scene that also provided orientation information.  
The degree to which display saliency played a role in dominating operator attention is 
unclear in that only the ASAR configural display was used off-axis.   
6.4.3 Hypothesis 3: SART Ratings.  It was hypothesized that there would be a 
difference in operator SA ratings for the off-axis UAR task when switching between 
similar versus dissimilar displays.  This was the same hypothesis used in Experiment 3, 
but the additional unknown was what impact the visual scene would have on operator’s 
SA.  It appears that the addition of an outside scene did little to impact participant SA 
ratings as the SART results for Experiment 4 were not very different from those in 
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Experiment 3 and failed to show any significant difference among the three configural 
displays.   
6.4.4 Hypothesis 4: MCH Workload Ratings 
The forth hypothesis for Experiment 4 stated that there would be a difference in 
operator workload ratings when switching between displays for the off-axis UAR task.  
The pilots and FTEs did not find the UAR task with the visual scene added to be 
significant as to their ability to use the off-axis ASAR.  The MCH workload ratings for 
both groups were not significant for any configural display. All of the MCH mean ratings 
were below a rating of four, the point at which additional investigation is generally 
warranted. 
 Table 41. Pilot and FTE comments for Experiment 4 configural displays. 
FTE Comments –  
Experiment 4: Transitional UAR Task – VMC to IMC 
ASAR to ASAR 
Liked digital readout of attitude. 
Easy to transition from side to forward with ASAR and ASAR. Ground/Sky does not 
seem to effect recovery.  
I tried to do the first recovery on visual cues, but the symbology said otherwise, so I 
went with that.  In the hugely nose-high or nose-low attitudes, the ASAR was better 
at telling what attitude the aircraft was in than I did. ASAR was easier to interpret 
than visual cues. Transition was not a problem because I was focused on symbology. 
ASAR was intuitive and easy in nose down recoveries; more difficult in the 90-
degree slice maneuver / nose high than the JSF or DA. 
ASAR to DA HUD 
Liked DA interior ticks; helped to speed rudder inputs. 
I am not using the forward symbology much. I rely on the off-axis symbology then 
look for concurrence forward. I don’t think I am using the background at all. 
ASAR to JSF HUD 
Switch back to HUD so fast that VMC not noticeable. 
 
Pilot Comments –  
Experiment 4: Transitional UAR Task – VMC to IMC 
ASAR to ASAR 
ASAR to ASAR is easier. 
ASAR is the way to go off-axis with the virtual HUD. 
ASAR to DA HUD 
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Double articulated is slightly distracting but very usable. 
DA is nice, but ASAR shows rate of change better. 
I like ASAR [off-axis] and DA HUD combination best. 
ASAR to JSF HUD 




7.0 GENERAL DISCUSSION 
The domain of aviation uses configural displays to convey attitude awareness to 
the pilot, and these displays have been designed over time because of the need to 
integrate information about aircraft state.  Egan and Goodson (1978) provide a 
description of an earlier review of why HUDs were developed for aviation:  
Walchli (1967) gave a historical review of the development of HUDs to 
that date.  To summarize his review, HUDs were first explored in the 
1950’s as a landing aid for pilots flying new, high-performance aircraft 
under VFR [Visual Flight Rules] conditions.  A recurrent problem was 
that pilots were unable to make rapid and accurate attitude and position 
judgments on high-speed approaches.  The HUD was developed to 
eliminate the head movement, eye movement, and reaccommodation 
required when changing view from ground objects outside the cockpit to 
panel-mounted instruments.  The first HUDs superimposed flight-control 
information on the external field of view by using a device similar to a 
gunsight.  Symbols were collimated and projected on a combining glass so 
that pilots could view distant, external objects and the projected symbols 
simultaneously. 
 
As pointed out by Orrick and York (1975), there are many different HUD formats 
across aircraft types, and the implications of non-standardization of attitude displays in 
HUD aircraft has had dire consequences such as the loss of SA leading to occurrences of 
CFIT as reviewed by McNaughton (1985).  Even though the issue of HUD 
standardization is becoming less of a problem today with the advent of the F-35 Joint 
Strike Fighter which uses a common HUD symbology for the Air Force, Navy, and 
Marine Corps, the ascension of the HMD into modern fighter cockpits brings a new 
challenge as to how to design visual displays for imparting the information required 
without providing conflicting cues or encompassing too much display space.  The 
configural displays used in the current research are representative of the HUD symbology 
formats used in the two top fighter aircraft today, the U.S. Air Force’s F-16 and the F/A-
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18 used by the U.S. Navy and U.S. Marine Corps.  The ASAR HUD comprising one of 
the three configural displays in the current research was used to represent the type of 
HUD that could be used in lieu of the prevailing two HUD types and which conforms 
more closely to the configural display design recommendations hypothesized to impact 
operator SA formation.   The current research showed that the way in which the JSF, DA, 
and ASAR HUD configural displays map system features to convey operator goals are 
different depending on attitude condition (climb/dive) for the JSF and DA HUD formats 
and most different from one another for the ASAR (see Table 38).  This research found 
that there were few differences in performance among the three configural display types.  
The specific differences were: 
Experiment 1 
• Highest percent correct for indicating aircraft attitude with the ASAR compared 
to the JSF and DA HUD configural displays. Significant at .042 
• Highest percent correct for determining aircraft climb conditions as well as 
aircraft dive conditions with the ASAR compared to the JSF and DA HUD 
configural displays. Significant at .003 
Experiment 2 
• Operators had a faster initial reaction time for dive unusual attitude conditions vs. 
climb. Significant at .035 
 
Trends in the data were: 
 
Experiment 2 
• There was a trend for the ASAR providing the faster initial reaction time across 
UAR conditions over the JSF and DA HUD configural displays (p = .081) 
• Data for total time to recovery showed a trend for pilots completing UAR tasks 
faster than FTEs (p = .086). 
 
There were two very different research methodologies used in the current research 
to evaluate configural displays, the system control methodology and the retrospective 
memory probe (RMP) methodology.  The system control methodology was used for 
experiments 2-4, and it’s unclear whether the lack of significant differences between the 
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configural displays investigated was due to lack of sensitivity for this methodology in 
evaluating configural displays or rather the lack of significant differences for UAR task 
performance was simply due to all three configural displays providing sufficient 
information salience to minimize differences.  Based on results and subjects comments it 
is felt that with highly trained participants the advantages between the different 
configural displays is diminished. 
Where differences in configural displays were most pronounced (i.e., Experiment 
1), the RMP methodology (Bennett and Flach, 1992) was used to investigate differences 
in configural display design features for responses to questions representative of 
perceptual knowledge during Level 1 SA.  The RMP methodology has been used early on 
in the evaluation of configural display designs (Wickens et al., 1985; Wickens and Andre, 
1988; Barnett and Wickens, 1988; Wickens and Andre, 1990; and Bennett, Toms, and 
Woods, 1993) and has been shown to consistently reveal significant performance 
differences between configural displays and separable displays and in favor of configural 
displays for integration tasks (Bennett and Flach, 1992).  For Experiment 1 in the current 
research, the RMP methodology proved sensitive enough to detect differences in pilot 
performance for the integration task where pilots were asked to determine aircraft 
orientation, and for the Bennett, Toms, and Woods (1993) study that utilized the RMP 
methodology, it was stated that “differences in performance [between two displays] 
could be interpreted as an indication that there are differences in the salience of the 
emergent features produced by alternative graphic displays”.  Information salience is 
necessary but not sufficient for producing an emergent feature to facilitate information 
extraction, it is also necessary to map information onto emergent features such that 
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system information relevant to operator goals is made apparent through the form the 
emergent feature takes.  For Experiment 1, Level 1 SA (i.e., perception of elements in the 
environment) was inferred through the pilot’s perception of information from each of the 
three displays based on their ability to interpret high-level information (am I climbing or 
diving?) as well as low-level data (angle of climb or dive?).  Differences in pilot ability 
on each of these conditions were interpreted as attributes of the display’s design to 
facilitate information extraction rather than data availability (Woods, 1991) and impart a 
higher level of SA to the pilot.  The performance advantage demonstrated for the ASAR 
in Experiment 1 is taken as evidence that the saliency and mapping of aircraft attitude 
information onto the ASAR produced better Level 1 SA for the pilots concerning 
interpretation of high-level information for the integration task. 
Where the RMP did not reveal differences between configural displays in 
Experiment 1 (i.e., focused task for RMSE data), the results were consistent with what 
has typically been found when comparing configural displays and separable displays.  As 
stated by Bennett and Flach (1992) concerning a review of experiments using the RMP 
methodology for configural displays to date, “for focused tasks there is a relative lack of 
statistically significant results indicating a cost when data are presented in a configural 
format”.
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8.0 IMPLICATIONS OF THE RESEARCH 
The current research focused on the domain of aviation since like the research 
using configural displays in the domain of process control (i.e., nuclear power plants), the 
aviation domain is in need of a way to improve operator awareness of their dynamically 
changing environment that requires multiple pieces of information to be integrated to 
visualize the state of the system (i.e., aircraft).  As Endsley (1997) reminds us, 
“Developing and maintaining a high level of situation awareness is described by pilots as 
the most difficult part of their job.  It is one of the most critical and challenging tasks in 
the air today”. 
8.1 Contributions of the Research 
The current research has both practical and theoretical implications.  For the 
practical implications, the current research contributed the following: 
• Analyzed current and possible future pilot HMD attitude references in terms 
of their configural display properties and their effects on SA formation. 
• Examined performance when recovering from unusual attitudes when looking 
off-axis and the resulting impact on pilot SA for transitioning from an off-axis attitude 
display to one viewed on-axis in the cockpit (normal procedure to look inside the cockpit 
for recoveries).  Finding that the use of dissimilar displays does not necessarily impact 
off-axis to on-axis transitions for UARs when using the ASAR off-axis.  This finding 
appears to be dependent on the amount of SA the pilot is able to achieve while still 
looking off-axis.  The results may not be applicable if an off-axis attitude reference is 
used that provides less saliency of aircraft state than the ASAR configural display. 
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• Evaluated use of a configural display that expressed display features thought 
to enhance SA (i.e., ASAR configural display).  Findings showed that pilots were able to 
use the ASAR display with little training just as well as those displays with which they 
had previous extensive experience and training (i.e., JSF and DA configural displays).  
For Experiments 1-4, both pilots and FTEs were given just one hour to become familiar 
with the ASAR and DA HUD symbologies before attempting to proceed to the trial UAR 
task.  For the ASAR in particular, this was a very brief time period since the ASAR was 
completely novel to both pilots and FTEs yet the DA HUD was very similar to the JSF 
HUD format for which both groups had previous flight experience.   
The theoretical contributions from the current research were: 
• Highlighted configural display properties compiled from previous research to 
examine the design of configural displays in light of SA theory to arrive at a display 
design that expresses operator goals, provides for information saliency, and conveys 
changes in system states are distinctive and readily detectable by the operator. 
• Added to the theory of configural displays by relating the use of configural 
displays to satisfy theory requirements for achieving SA through the use of emergent 
features in providing saliency of information in visual displays.  
• Found that the emergent feature of closure may be a positive design feature 
for facilitating Level 1 SA in aircraft attitude displays. 
• Supported previous findings that the critical factor in the design of configural 
displays is how well system information is mapped onto emergent features in expressing 
task goals.  Added to existing research for aviation attitude displays that conveying 
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distinctive system state changes between climb and dive can be achieved better with the 
ASAR than the traditional ladder emergent feature. 
• Compared performance between experts and trained non-experts for using a 
configural display in a complex and dynamic task.  Previous research traditionally used 
non-experts making it hard to distinguish any real advantages. 
The current research demonstrates that configural display design features such as 
those summarized in Table 38 can be utilized as a framework to maximize the visual 
prominence of information and facilitate SA.  The design of configural displays, 
regardless of the domain in which they are used, are reliant upon the mapping of 
information onto the emergent feature to convey goal-relevant system states, and that the 
successful mapping of system information to distinctly convey changes important to 
operator goals is the most critical aspect of configural display design.  As stated by 
Buttigieg and Sanderson (1991), “process variables should be mapped onto emergent 
features so that the operator can easily distinguish the states that they represent”.  The 
criticality of information mapping can be seen in the study conducted by Sanderson et al. 
(1989) in which a separable display (bar graph) was compared to a configural display 
(triangle).  The bar graph display better conveyed abnormal system state than the triangle 
configural display since the way in which the information mapped onto the bar graph 
depicting normal conditions was more distinctive than that of the triangle display, even 
though the triangle display mapped system information onto a single geometric object 
and the bar graph did not (see Figure 75).  The important factor for operator performance 
was the ability to discriminate differences in system state for the integration task (i.e., 
deviations from normal conditions), and this was best facilitated by the relationship 
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between the tops of the individual bars that produced an emergent feature if linearity.  
Buttigieg and Sanderson (1991) point out that for the triangle display, “normal system 
functioning was signaled by an angle of about 90-degrees at the apex, ranging between 
85 and 95 degrees.  Deviations beyond this range represented a failure.  Performance and 
questionnaire data indicate that subjects did not appreciate its diagnostic value.  However, 
if the right angle could be made to emerge and become more salient, the triangle could 
support far more efficient failure detection”. 
 
Figure 75. Bar graph and triangle displays showing system output as an average of two 
inputs, arranged as Input-Output-Input (IOI) (Sanderson et al., 1989). 
To progress one step further, Buttigieg and Sanderson (1991) compared the same 
triangle configural display from the Sanderson et al. (1989) study against the IOI bar 
graph and a new configural display that enclosed the IOI bar graph forming a geometric 
object called the House display (Figure 76).  Comparisons of the two configural displays 
and the separable bar graph display revealed a significant performance advantage of the 
House display for reaction time and accuracy in detecting abnormal system states over 
the IOI bar graph or the triangle configural display.  This example of a study that 
compared one configural display against another demonstrates that a key component in 
operator ability to detect information important for integration tasks lies in how well the 
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system information is mapped onto the emergent feature versus having an emergent 
feature in the display per se.  The results in Experiment 1 from the current research lend 
additional support to this finding by Buttigieg and Sanderson (1991) and extend their 
research by showing how this advantage in designing configural displays can lead to 
advantages in operator SA.  Designing configural displays to optimize the saliency of 
critical system states in the mapping of information onto emergent features directly 
supports the formation of Level 1 SA according to SA theory proposed by Endsley (1988, 
1995).   
 
Figure 76: Bar graph, House configural display and Triangle configural display showing 
system output as an average of two inputs, arranged as Input-Output-Input (IOI) 
(Buttigieg and Sanderson, 1991). 
The current research sought to apply concepts from both the theory of situation 
awareness by Endsley (1988) and configural display theory by Bennett and Flach (1992) 
to determine what configural displays design features could improve how operators 
obtain SA.  Although there are a number of design recommendations on configural 
displays from previous research (see Bennett and Flach, 1992, Bennett, Toms, and 
Woods, 1993), none of these specify if configural displays improve SA or which display 
features would serve to promote operator SA. The current research investigates the 
effects of configural displays on SA and examines what aspects of aircraft attitude 
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configural displays may lead to benefits to operator SA formation.  Specifically, the 
design recommendations from the literature and based on the results of this study thought 
to benefit SA are: 
• Information in visual displays should be organized so that the information needed for a particular 
goal is collocated and directly answers the major decisions associated with the goal.  Mapping 
emergent features with information to satisfy task goals should improve operator SA. 
• Emergent features that vary in shape to become more salient and capture operator attention when 
most needed (e.g., critical system states) should be more effective at conveying information 
necessary for task goals leading to better operator SA. They should distinctly convey changes in 
system state. 
• Configural displays that utilize the emergent property of closure should facilitate operator 
perception of needed task information (Level 1 SA). 
• Emergent features in configural displays should conform in shape to convey information within 
the operator’s central visual field to express the full extent of system constraints to the operator.  
Allowing operators to capture the full range of system parameters (e.g., ±90-degrees aircraft 
attitude) at a glance should lead to better SA of system state. 
 
8.2 Application of Design Recommendations 
As an example of one way to apply the configural display design 
recommendations outlined in the current research, the four display design approaches 
outlined above were applied to a redesign of the conventional threat warning display 
(TWD) used in modern fixed-wing fighter aircraft (Figure 77) to warn the pilot of 
approaching missile launches. 
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Figure 77. Conventional threat warning display for fixed-wing fighter aircraft. 
The typical TWD provides an indication of missile launch against the aircraft 
being flown by the pilot (labeled as ownship in the TWD).  In addition to displaying 
aircraft heading and cardinal directions, the principle intent of the TWD is to display 
known threats to the aircraft in the form of missile launch, either through known time-of-
flight (TOF) to impact ownship or unknown TOF.  When a missile launch has an 
unknown TOF, the icon representing the missile (red circle with fins) is shown on the 
outmost ring of the TWD.  Once TOF to impact ownship is known, the missile icon 
moves within the boundaries of the TWD to the 15, 10, or 5 sec threat ring representing 
time remaining until the missile impacts the aircraft. 
In applying the design recommendations from the current research to the TWD, 
the redesign drew upon the use of a configural display design similar to that used by 
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Woods et al, (1981) by using an octagonal shape instead of the traditional circle (Figure 
78).  The eight sides of the octagon were used to represent the 8 cardinal directions on a 
compass (i.e., N, NE, E, SE, S, SW, W, and NW).  Further, the sides of the octagon 
emerged over time (i.e., changed shape) to show changes in system state for critical 
events such as a missile launch (Figure 79).  With the new octagon shape, instead of the 
TWD circle that always retained the same shape, the octagon progressively deflects 
inward on the side that the missile is approaching the aircraft, showing directional 
information for the missile as well as rate of approach.  
 
Figure 78. TWD with octagon shape to shown changes in threat condition over time. 
The intent of the design of the new TWD was to show when changes in system 
state were occurring by showing changes from normal in addition to the missile icon 
being displayed for a missile launch.  The shape change in the octagon should capture 
operator attention concerning a missile launch faster than the TWD circle format that 
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does not change shape.  As seconds are involved in detecting the launch of a missile (i.e., 
only 15 seconds available once detected to evade), improving the diction of such 
launches, even by a second or two, impacts the survivability of the pilot significantly.  
The redesigned TWD left the threat rings depicting 15-5 sec TOF absent from the display 
until a missile with a known TOF was on the outmost ring.  This design approach was 
taken to reduce display clutter and maximize the impact of a change in shape by the 
octagon.  Once the information concerning missile threat and TOF became relevant to the 
operator, the threat rings were presented in the TWD.  
The traditional TWD does not direct the pilot to perform any action that would be 
advantageous in avoiding the missile, the principal course of action once a missile launch 
has been detected.  The new TWD format has a directional indicator added (i.e., green 
arrow) that provides guidance to the pilot for which way to maneuver the aircraft to lower 
the probability of missile impact (e.g., lowering heat source of the aircraft, kinematic 
defeat of the missile, etc…; Figure 80).  The addition of the good maneuver indicator 
provides for Level 3 SA as the pilot can now predict or plan for future aircraft inputs 
while comprehending the situation at hand (Level 2 SA).  The octagon shape that changes 
over time to reflect the changes in threats to the aircraft provides the basis for 
improvements to Level 1 SA, the perception of information.   
It is unclear, however, what impact the size of the configural display has on the 
ability to convey changes in system state that are important to the operator in task 
completion.  The ASAR display used in the current research comprises an “information 
stamp” for aircraft attitude allowing aircraft pitch and roll to be accessed at a glance.  
This is contrary to the HUD ladder attitude format that is distributed across the display 
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field of view such that only a portion of aircraft attitude information is available to the 
pilot (see Figure 72).  The bulk of configural display formats found in the existing body 
of research are compact geometric shapes that allow detection of multiple information 
channels mapped to the configural display to be accessed within the display’s 
instantaneous field of view.  Further research is needed to determine the impact on 
display size when designing configural displays to represent information needed for task 
completion. 
 




Figure 80. Redesigned TWD showing which way to maneuver the aircraft to avoid 
missile impact. 
8.3 Future Research 
The results found for the ASAR configural display from Experiment 1 assist in 
supporting the design recommendations provided, but more research is needed to 
determine the extent of configural display design benefits to SA as well as to further 
refine the recommendations put forth from the current research. 
Future research should: 
 
• Evaluate what role information within foveal vision facilitates SA formation 
versus the information distributed across the display field of view.  The proposal by 
Wickens (1986) that configural displays that allow information to be accessed in a single 
attentional field should benefit integration tasks can be confounded by other properties of 
configural display design thought to benefit SA, such as closure.  
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• Develop a research methodology to compare configural display design features.  
The system control methodology commonly used in configural display research and used 
for Experiment 2-4 may lack the sensitivity required to distinguish differences among the 
configural displays tested.  The other possibility is that the dependent variables rather 
than the methodology were insufficient to measure whether display features thought to 
influence SA at different levels indeed had an effect.  
• Utilize the RMP methodology to access all three levels of SA versus Level 1 SA 
alone by providing probes based on perception of information, understanding of the 
current situation, and the ability to predict future states. 
• Conduct research on novice versus experts and levels of training on the 
performance using configural displays.  While previous research found differences 
between integrated and configural displays, once a configural display is designed which 
provides mapping of information related to goals, performance differences between 
displays may be overcome by training.  
• The SAGAT methodology proposed by Endsley (1989) could be used with 
candidate configural displays to obtain an objective measure of SA for dynamic task 
conditions versus the RMP that is used for static exposures alone. 
• Further distinguish the role that saliency of information plays in establishing 
Level 1 SA.  The current research used configural displays exclusively, but future 
research should include a competing separable display as a baseline measure of 
comparison.   
• Look at the role of configural displays on the formation of SA in a more complex 
environment.  The UAR task used in the current research, although real-world 
 196
representative, set up a task that occurred in a moment of time in which the pilot was 
already in an unusual attitude (UA) versus a task that brought the pilot into the UA over a 
period of time.  The latter task would allow for the examination of SA formation over 
time as it’s built up and renewed as events in the environment change and respond to 
control inputs from the pilot.  Although dynamic, SA is sampled at a given point in time 
as shown by a model by Wickens (1996) in Figure 81.  The length of the cylinder 
represents the extent of SA over time.  The quality of information available in the past is 
depicted as less than that of the present since this aspect of SA is limited by memory 
decay.  The aspect of the future is also more limited than the present since the ability to 
project accurately into the future is limited due to multiple probabilities (i.e., uncertainty).    
 
Figure 81: Relationship of SA and time (from Wickens, 1996). 
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9.0 CONCLUSIONS 
  The current research focused on investigating how difference aircraft configural 
displays and their properties affect SA and pilot performance under UAR task conditions 
including off-boresight aircraft recovery. Highly trained pilots and flight test engineers 
with less flight training participated as subjects.  The results showed some advantages for 
extracting level 1 SA information using the ASAR HUD symbology format. However, 
differences were not found in operator performance across the three configural displays 
for UAR tasks.  The research discusses the advantages of mapping information onto 
emergent features to increase the saliency of critical system states, the emergent property 
of closure and portraying information within the immediate visual field.  Given that 
configural displays will improve performance for integrated tasks, in the current research 
it appears that the differences between the displays diminished when using experts and 
training may overcome any differences that exist between the configural displays used. 
Given the difficulty in determining significant performance differences when comparing 
configural displays against one another, additional research methodologies and/or 
dependent variables sensitive to differences in configural display designs needs to be 
determined to further refine how specific design aspects of configural displays can 
benefit SA formation.  Further, how configural displays impact the various levels of SA 




Symbology Presentation Order for Experiment 1 
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Pilot Symbology Order Presentation Rate 
1 DA 1000 
 ASAR 1000 
 JSF 1000 
 ASAR 500 
 JSF 500 
 DA 500 
2 JSF 1000 
 DA 1000 
 ASAR 1000 
 ASAR 500 
 JSF 500 
 DA 500 
3 JSF 1000 
 DA 1000 
 ASAR 1000 
 DA 500 
 ASAR 500 
 JSF 500 
4 JSF 1000 
 DA 1000 
 ASAR 1000 
 DA 500 
 ASAR 500 
 JSF 500 
5 ASAR 1000 
 JSF  1000 
 DA 1000 
 DA 500 
 ASAR 500 
 JSF 500 
6 ASAR 1000 
 JSF 1000 
 DA 1000 
 JSF 500 
 DA 500 
 ASAR 500 
7 DA 1000 
 ASAR 1000 
 JSF 1000 
 ASAR 500 
 JSF 500 
 DA 500 
8 JSF 1000 
 DA 1000 
 ASAR 1000 
 ASAR 500 
 JSF 500 
 DA 500 
9 JSF 1000 
 DA 1000 
 ASAR 1000 
 DA 500 
 ASAR 500 
 JSF 500 
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APPENDIX B 
Pilot Demographics Questionnaire 
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Pilot Demographics 
 





Please list below aircraft types/hours flown: 
 Aircraft Hours HUD ? (Yes/No) 
1    
2    
3    
4    
5    
6    




      
Number of hours flown in a simulator: 
Previous experience within a JSF Simulator: 
 
 
Current position / Job role: 
Thank you 
 - 202 -
APPENDIX C 
Workload and Situation Awareness Rating Scale Instructions 
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PILOT WORKLOAD AND SITUATIONAL AWARENESS ASSESSMENT INSTRUCTIONS 
 
 




1.0 ASSESSMENT 1: THE MODIFIED 
COOPER-HARPER WORKLOAD 
SCALE 
Please begin the assessment at “Pilot 
Decisions” and follow the arrows on the 
flow diagram, answering the questions as 
you go.  Once you have answered “No” to 
one of the questions on the left, you are 
directed to boxes on the right, which 
contain descriptions of workload.  Please 
read the boxes that you are directed to, and 
then select and circle the score which is 
next to the description that matches the 

















Even though errors may be large or 
frequent, can instructed task be 
accomplished most of the time?
Are errors small and inconsequential?






Impossible Instructed task cannot be accomplished reliably 10
Major difficulty Maximum pilot mental effort is required to avoid 
large or numerous errors
Major difficulty Intense pilot mental effort is required to accomplish    
task, but frequent or numerous errors persist 
Major difficulty Maximum pilot mental effort is requiredto bring 
errors to moderate level
Pilot Decisions
Very Easy, Pilot mental effort is minimal and 
Highly Desirable                desired performance is easily attainable
Easy, Pilot mental effort is low and
Desirable                            desired performance is attainable
Fair, Acceptable pilot mental effort is required to 
Mild Difficulty                   attain adequate system performance
Very objectionable but Maximum pilot mental effort is required to 
tolerable difficulty              attain adequate system performance
Moderately objectionableHigh pilot mental effort is required to
difficulty                             attain adequate system performance
Minor but annoying Moderately high pilot mental effort is required to
difficulty                             attain adequate system performance



















Assessment 2: The Situational Awareness 
Rating Technique (SART) 
 
For each of the three sections within the 
SART assessment, please indicate on the 
scale (as shown to the right) where your 
experience lies, with regard to the caption 
preceding it.  Answer each question reflecting 
back to the symbology just used to complete 
the UARs. 
 





If you have any further questions please do not hesitate to ask  
 
MANY THANKS  
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APPENDIX D 
 
Modified Cooper-Harper Workload Rating Scale
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APPENDIX E 




SITUATIONAL AWARENESS RATING TECHNIQUE (SART) 
 
 
DEMANDS ON ATTENTION 
 
Instability of Situation 
How changeable is the situation?  Is the situation highly unstable and likely to change suddenly 
 
(high), or is it very stable and straight forward (low)? 
omplexity of Situation 
ituation?  Is it complex with many interrelated components 
 
ariability of Situation 
anging in the situation?  Are there a large number of factors varying 
 
UPPLY OF ATTENTION 
sed are you in the simulator? Are you alert and ready for activity (high) or do you have 
ng on the situation? Are you bringing all your thoughts to bear 
 
Low High
1 2 3 4 5 6 7
C
How complicated is the s
(high) or is it simple and straight forward (low)? 
Low High
1 2 3 4 5 6 7
V
How many variables are ch
(high) or are there a few variables changing (low)? 
Low High




a low degree of alertness (low)? 
Low High
1 2 3 4 5 6 7
Concentration of Attention 
How much are you concentrati




1 2 3 4 5 6 7
Division of Attention 
How much is your attention divided in the simulation?  Are you concentrating on many 
 
aspects of the situation (high) or focused on only one (low)? 
Spare Mental Capacity 




ave you gained about the situation?  Have you received and understood 
 
ormation Quality 
ation you have gained about the situation? Is the knowledge 
 
iliarity with Situation 
the situation? Do you have a great deal of relevant experience 
 
Low High
1 2 3 4 5 6 7
How much mental capac
to attend to many variables (high) or nothing to spare at all (low)? 
Low High
1 2 3 4 5 6 7
 
How much information h
a great deal of knowledge (high) or very little (low)? 
Low High
1 2 3 4 5 6 7
Inf
How good is the inform
communicated very useful (high) or is it a new situation (low)? 
Low High
1 2 3 4 5 6 7
Fam
How familiar are you with 
(high) or is it a new situation (Low)? 
Low High
71 2 3 4 5 6
 209









































Symbology Presentation Order for Experiments 2-4
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PILOT BLOCK Symbol UNUSUAL ATTITUDE No 
   1 2 3 4 5 6 7 8 9 10 11 12 
DA 10 8 5 3 6 11 4 9 12 1 7 2 
ASAR 3 6 12 8 4 9 11 10 5 2 1 7 1 
JSF 12 5 6 8 1 10 4 7 9 11 3 2 
ASAR 5 4 3 6 10 12 2 11 8 7 9 1 
JSF 1 2 4 10 9 11 6 8 7 12 3 5 2 
DA 6 5 3 8 10 2 4 1 9 12 11 7 
JSF 5 9 6 1 12 8 10 4 3 7 2 11 
DA 11 1 3 6 5 9 2 12 8 7 10 4 
1 
3 
ASAR 4 6 12 2 9 5 11 1 7 10 8 3 
ASAR 7 2 9 4 5 8 12 6 10 11 1 3 
JSF 3 2 9 6 12 4 11 1 10 5 8 7 1 
DA 5 1 11 2 9 3 6 12 10 7 8 4 
JSF 8 4 3 12 6 2 1 11 10 7 9 5 
DA 4 3 5 8 10 12 11 7 1 6 2 9 2 
ASAR 10 8 5 6 1 11 9 3 4 7 2 12 
DA 8 12 9 7 2 4 10 3 11 6 1 5 
ASAR 1 3 2 7 6 12 11 10 5 4 9 8 
2 
3 
JSF 3 12 8 9 1 10 5 6 4 11 7 2 
JSF 6 7 1 12 4 5 3 2 8 9 11 10 
DA 6 9 3 8 12 1 5 4 11 7 10 2 1 
ASAR 9 8 4 1 7 3 2 5 12 6 11 10 
DA 2 7 4 5 1 3 12 6 9 8 10 11 
ASAR 1 4 8 3 6 7 2 5 11 10 9 12 2 
JSF 6 5 10 11 4 12 9 3 7 1 2 8 
ASAR 10 8 5 11 4 2 9 12 1 7 6 3 
JSF  3 6 2 1 9 5 11 7 10 8 12 4 
3 
3 
DA 10 1 7 11 2 8 4 6 12 3 9 5 
DA 5 8 4 1 6 9 3 11 10 12 2 7 
ASAR 5 7 11 3 8 1 6 10 9 12 2 4 1 
JSF 8 2 5 3 4 7 12 6 1 11 9 10 
ASAR 6 1 11 3 2 7 8 4 12 5 9 10 
JSF 2 12 5 10 11 6 8 9 1 3 7 4 2 
DA 12 5 4 3 11 8 7 2 6 10 9 1 
JSF 8 7 3 
4 
9 12 6 4 10 5 11 1 2 
DA 12 4 9 10 1 11 2 6 7 5 3 8 3 
ASAR 9 6 8 2 5 4 3 10 12 7 1 11 
ASAR 1 4 10 8 7 2 5 3 9 11 12 6 
JSF 9 2 11 4 7 3 12 5 1 10 6 8 1 
DA 5 9 12 7 6 8 2 11 10 1 4 3 
JSF 11 4 6 8 1 12 5 3 9 2 10 7 
DA 7 8 3 11 12 9 1 2 5 10 6 4 2 
ASAR 2 10 4 9 11 1 7 8 12 5 3 6 
DA 11 9 1 2 7 8 10 4 6 5 12 3 
ASAR 5 1 8 6 4 2 12 7 11 9 3 10 
5 
3 
JSF 4 6 11 7 8 3 10 9 5 2 1 12 
JSF 4 1 8 6 7 12 11 5 10 3 9 2 
DA 9 6 3 5 1 11 7 4 12 2 8 10 1 
ASAR 8 5 12 7 6 9 10 2 1 11 4 3 
DA 3 7 2 9 1 11 8 6 4 12 10 5 
ASAR 7 10 9 2 5 1 4 11 3 6 12 8 
6 
2 
JSF 3 4 6 11 10 2 8 7 12 1 9 5 
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PILOT BLOCK Symbol UNUSUAL ATTITUDE No 
   1 2 3 4 5 6 7 8 9 10 11 12 
ASAR 4 5 10 2 7 9 8 12 1 6 3 11 
JSF  12 9 11 5 3 7 10 6 1 2 4 8 3 
DA 2 9 10 7 4 11 8 12 6 3 5 1 
DA 7 12 9 3 1 5 11 4 8 6 2 10 
ASAR 12 3 6 9 4 5 10 8 7 11 2 1 1 
JSF 6 12 4 10 2 5 8 9 1 3 7 11 
ASAR 5 6 8 4 10 2 11 1 9 12 3 7 
JSF 4 8 5 1 10 7 6 12 3 2 11 9 2 
DA 6 5 8 4 1 10 12 2 11 3 7 9 
JSF 6 9 1 10 4 11 2 12 5 3 7 8 
DA 7 6 8 9 1 2 4 11 3 12 10 5 
7 
3 
ASAR 7 12 10 5 6 2 8 3 11 9 4 1 
ASAR 11 6 2 8 9 1 3 10 12 7 4 5 
JSF 1 4 10 7 2 6 5 12 3 11 8 9 1 
DA 11 1 10 3 12 5 2 6 7 4 9 8 
JSF 9 8 5 11 10 7 4 1 6 12 3 2 
DA 9 11 1 10 7 2 12 6 4 8 5 3 2 
ASAR 9 2 5 11 1 4 8 6 12 7 10 3 
DA 8 2 3 5 9 7 10 11 4 6 12 1 
ASAR 9 12 8 10 4 1 2 11 5 3 6 7 
8 
3 
JSF 6 10 7 3 8 5 4 1 9 12 2 11 
JSF 5 6 11 10 2 4 1 7 3 9 12 8 
DA 2 8 7 10 11 5 6 3 9 1 4 12 1 
ASAR 3 12 1 9 8 7 11 2 4 6 5 10 
DA 5 4 12 8 11 3 10 9 1 7 6 2 
ASAR 8 5 1 12 4 2 6 9 7 3 11 10 2 
JSF 5 6 11 4 2 1 3 9 7 12 10 8 
ASAR 5 9 4 10 11 7 3 1 2 8 6 12 
JSF  9 2 12 6 4 10 1 11 7 5 3 8 
9 
3 
DA 5 12 11 2 9 6 1 10 4 8 7 3 
DA 6 4 2 12 9 8 7 3 11 1 10 5 
ASAR 11 9 4 5 7 12 10 3 8 1 2 6 1 
JSF 1 5 8 6 12 11 7 9 2 4 3 10 
ASAR 12 3 8 2 6 4 11 7 10 9 5 1 
JSF 12 3 1 10 4 11 2 7 6 5 9 8 2 
DA 2 6 11 10 7 9 4 3 12 8 5 1 
JSF 9 10 3 7 12 2 4 1 6 8 5 11 
DA 8 2 9 6 5 7 12 3 1 11 4 10 
10 
3 
ASAR 7 1 2 5 6 10 3 12 11 9 8 4 
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FTE BLOCK Symbol UNUSUAL ATTITUDE No 
   1 2 3 4 5 6 7 8 9 10 11 12 
DA 6 3 7 12 9 2 8 10 5 11 1 4 
ASAR 2 12 6 7 1 10 11 4 5 8 9 3 1 
JSF 9 4 6 7 2 10 11 1 8 5 12 3 
ASAR 11 4 12 8 6 10 1 2 3 5 7 9 
JSF 3 4 8 11 12 7 1 5 9 10 6 2 2 
DA 1 3 9 12 7 6 11 4 5 8 10 2 
JSF 11 7 8 3 10 12 6 1 4 5 2 9 
DA 4 5 7 6 3 2 10 8 1 9 12 11 
1 
3 
ASAR 11 7 8 9 3 2 10 4 5 12 1 6 
ASAR 11 8 1 12 6 7 9 2 5 4 10 3 
JSF 7 1 10 9 3 5 6 11 4 12 2 8 1 
DA 7 3 4 12 5 8 6 10 11 1 2 9 
JSF 7 11 4 12 3 9 6 2 1 5 8 10 
DA 1 10 9 4 12 5 7 3 6 8 11 2 2 
ASAR 5 2 9 8 4 3 7 10 1 11 6 12 
DA 5 3 9 4 10 2 11 1 6 7 12 8 
ASAR 1 11 3 5 4 10 9 8 12 2 7 6 
2 
3 
JSF 9 6 10 7 11 8 4 5 2 12 1 3 
JSF 7 5 1 10 6 8 2 4 9 3 12 11 
DA 7 10 3 8 11 6 4 2 12 1 5 9 1 
ASAR 12 10 3 7 1 5 2 11 4 9 8 6 
DA 4 11 7 6 12 5 8 9 2 10 1 3 
ASAR 4 9 1 2 7 8 12 11 3 6 5 10 2 
JSF 3 4 11 5 7 10 6 8 1 9 12 2 
ASAR 2 4 7 1 5 12 8 9 10 11 3 6 
JSF  4 1 8 6 5 3 10 2 11 9 12 7 
3 
3 
DA 10 8 11 1 3 2 9 6 5 4 7 12 
DA 11 1 12 2 8 7 3 10 6 5 4 9 
ASAR 7 1 3 12 5 11 10 4 6 2 9 8 1 
JSF 1 4 3 7 11 2 8 9 12 6 10 5 
ASAR 6 5 4 2 1 9 7 11 12 10 3 8 
JSF 5 3 8 2 1 12 7 11 4 9 10 6 2 
DA 11 12 3 5 1 8 4 9 7 2 6 10 
JSF 2 4 6 7 11 3 1 9 12 8 5 10 
DA 9 10 6 4 2 12 3 5 8 11 1 7 
4 
3 
ASAR 10 9 1 4 6 8 11 5 7 12 2 3 
ASAR 1 7 6 10 11 12 3 9 4 2 5 8 
JSF 7 5 1 4 10 9 12 3 11 2 8 6 1 
DA 12 5 1 9 8 7 10 3 6 2 4 11 
JSF 6 8 4 12 2 9 11 5 1 7 10 3 
DA 6 8 4 10 5 7 9 11 12 3 2 1 2 
ASAR 5 3 7 12 10 9 1 4 6 8 11 2 
DA 8 9 10 1 2 4 3 5 6 11 7 12 
ASAR 9 8 1 6 4 2 11 10 7 5 3 12 
5 
3 
JSF 11 7 6 1 4 3 5 8 9 2 12 10 
JSF 10 5 9 12 7 11 1 6 2 8 3 4 
DA 6 5 11 9 2 3 7 1 10 12 8 4 1 
ASAR 5 6 12 4 1 2 11 3 10 8 9 7 
DA 9 2 7 10 11 3 6 1 4 12 5 8 
ASAR 6 3 5 1 9 10 11 4 2 12 8 7 
6 
2 
JSF 6 1 2 7 5 9 3 4 11 8 10 12 
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FTE BLOCK Symbol UNUSUAL ATTITUDE No 
   1 2 3 4 5 6 7 8 9 10 11 12 
ASAR 2 9 3 1 6 10 12 5 11 4 7 8 
JSF  9 3 5 12 10 11 6 1 8 7 4 2 3 
DA 2 6 4 8 1 9 11 7 10 5 12 3 
DA 9 3 7 2 1 5 10 4 11 8 6 12 
ASAR 9 6 12 7 5 3 1 8 2 4 10 11 1 
JSF 12 2 4 11 5 3 9 6 1 7 8 10 
ASAR 5 10 2 9 4 12 11 7 6 3 8 1 
JSF 5 4 10 9 7 12 1 11 8 2 3 6 2 
DA 9 7 6 4 2 1 5 12 10 3 8 11 
JSF 1 11 10 12 8 2 6 5 9 4 7 3 
DA 6 7 12 11 8 10 2 5 1 3 9 4 
7 
3 
ASAR 2 10 9 11 6 7 1 4 12 3 8 5 
ASAR 12 8 6 2 5 3 1 9 7 10 4 11 
JSF 11 4 7 3 9 6 5 10 8 2 1 12 1 
DA 6 4 8 1 3 10 9 5 11 12 7 2 
JSF 12 2 6 4 8 11 7 5 3 1 9 10 
DA 7 5 2 6 11 12 3 9 1 8 4 10 2 
ASAR 2 11 6 3 10 9 5 8 1 4 12 7 
DA 10 7 5 9 6 4 12 3 11 2 8 1 
ASAR 3 7 10 5 6 9 1 2 12 4 11 8 
8 
3 
JSF 10 11 3 12 5 1 6 8 9 4 2 7 
JSF 3 4 2 7 1 11 10 6 12 9 8 5 
DA 2 9 12 6 1 8 11 7 4 3 10 5 
 
ASAR 10 5 6 7 11 1 4 2 12 9 3 8 
DA 8 9 12 7 4 3 11 6 5 1 10 2 
ASAR 12 7 6 9 10 4 8 1 11 2 3 5 
 
JSF 8 3 1 9 12 2 5 11 7 6 10 4 
ASAR 12 11 9 2 1 3 8 4 10 5 6 7 
JSF  5 1 6 9 10 3 12 11 7 8 2 4 
9 
 
DA 10 12 8 9 4 3 11 1 6 2 5 7 
DA 12 7 8 1 4 5 3 10 9 6 11 2 
ASAR 4 7 10 5 12 6 1 3 2 9 11 8 
 
JSF 11 7 1 5 6 12 2 8 9 4 3 10 
ASAR 12 1 3 10 2 5 4 7 9 11 6 8 
JSF 5 3 9 7 8 12 1 2 11 6 4 10 
 
DA 5 1 9 4 2 12 10 8 7 11 3 6 
JSF 8 4 3 2 6 10 12 5 1 9 11 7 
DA 7 4 11 2 8 6 5 10 12 1 9 3 
10 
 

























HELMET-MOUNTED DISPLAY SYMBOLOGY DISSERTATION RESEARCH 
PARTICIPANTS INFORMED CONSENT FORM 
 
Purpose 
 The purpose of this research is to examine your responses to information presented 
on a computer screen or flight simulator. You will be asked to look at the information and 
provide a response. You may be asked to respond through an input device such as keyboard, 
joystick, or simulator flight controls. You may be asked to fill out a simple questionnaire 
related to the experiment for perceived workload and situation awareness related to the task. 
You will perform this task for approximately two to three hours. You will not be paid for 
your participation.  
 
Risks 
There is a risk that you might experience fatigue, stress, headaches or eyestrain from 
using the computer interface or flight simulator, similar to that of using an office 
computer or playing a video game.  
 
Benefits 
There are no direct benefits to you for your participation in this study.  
 
Your Rights 
 As a participant in this experiment you have certain rights. The purpose of this 
document is to make you aware of your rights and to obtain your informed consent to certify 
your willingness to participate in this research study.    
 
 1) You have the right to stop participating in this experiment at any time. If you 
decide to do so, you should notify the experimenter immediately.  
 
 2) You have the right to see your data and to withdraw it from the experiment.  Data 
are processed after all experimental runs are completed. All data are treated confidentially; 
therefore, if you wish to withdraw your data, you must do so immediately. 
 
 3) You have the right to be informed of the overall results of the experiment. If you 
wish to receive information about the results, a summary of the overall results of the 
experiment will be made available to you upon request free-of-charge. You may request a 
summary of results by including your address below your signature on the informed consent 
form and results will be sent to you after all data have been collected and analyzed, by the 
end of June 2006. 
 
 If you have a question about this research study, or have a research-related injury to 
report, you can contact Capt Chris Jenkins at 661-277-1357.   
 
Whom to Contact 
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 If you have any questions please feel free to contact Dr. Jennie Gallimore at the 
Department of Biomedical and Human Factors Engineering, 207 Russ Engineering 
Building, Wright State University, or call 775-5072. 
  
If you have general questions about giving consent or your rights as a research participant in 






 I have read the above information and understand that participation is voluntary, 
refusal to participate will involve no penalty or loss of benefits to which I am otherwise 
entitled and I may discontinue participation at any time without penalty or loss of benefits to 
which I am entitled. My signature below means that I have freely agreed to participate in 
















COMPLETED ACTION DESCRIPTION Yes No 
 PRE-TRIAL   
1 Escort/Greet Participants at IFAST Gate   
2 Overview of HMD Study (Handout)   
3 Review Participant Rating Scales (Handout)   
4 Participants Sign Informed Consent Form (Handout)   
6 Explain HMD Fitting Procedures   
7 Participants Get Into Cockpit, Adjust Arm Rest, and Put on HMD    
8 Complete HMD Fit Until HMD is Stable and Symbology is Clear and Bright (Look Up and Down, Left and Right)   
9 Explain Boresighting and Have Participants Boresight   
10 Participants Fly First On-Axis HMD Symbology    
11 Participants View Transition to Off-Axis Symbology   
 Experiment #1 (On-Axis IMC)   
1 Boresight HMD   
2 Review Procedures for Symbology Presentation and Participant Actions for On-AxisTrial Conditions    
3 Complete Practice UARs for Symbol Set # 1   
4 Ask Are There Any Questions   
5 Complete First Block of 12 UARs for Symbol Set # 1   
6 Complete Rating Scales for Symbol Set # 1 (In Cockpit)   
7 Complete Practice UARs for Symbol Set # 2   
8 Ask Are There Any Questions   
9 Complete Second Block of 12 UARs for Symbol Set # 2   
10 Complete Rating Scales for Symbol Set # 2 (In Cockpit)   
11 Complete Practice UARs for Symbol Set # 3   
12 Ask Are There Any Questions   
13 Complete Third Block of 12 UARs for Symbol Set # 3   
14 Complete Rating Scales for Symbol Set # 3   
15 Break   
 Experiment #2 (Off-Axis IMC)   
1 Boresight HMD   
2 Explain Procedures for Symbology Presentation and Participant Actions for Off-axis Trial Conditions (IMC)   
3 Complete Off-Axis Practice UARs for Symbol Set # 1 w/ASAR   
4 Ask Are There Any Questions   
5 Complete First Block of 12 Off-Axis UARs for Symbol Set # 1   
6 Complete Rating Scales for Symbol Set # 1 w/ASAR (In Cockpit)   
7 Complete Off-Axis Practice UARs for Symbol Set # 2 w/ASAR   
8 Ask Are There Any Questions   
9 Complete Second Block of 12 Off-Axis UARs for Symbol Set # 2   
10 Complete Rating Scales for Symbol Set # 2 w/ASAR (In Cockpit)   
11 Complete Off-Axis Practice UARs for Symbol Set # 3 w/ASAR   
12 Ask Are There Any Questions   
13 Complete Third Block of 12 Off-Axis UARs for Symbol Set # 3 w/ASAR   
14 Complete Rating Scales for Symbol Set # 3   
15 Break   
 Experiment #3 (Off-Axis VMC to IMC)   
1 Boresight HMD   
2 Explain Procedures for Symbology Presentation and Participant Actions for Off-axis Trial Conditions (VMC to IMC)   
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3 Complete Off-Axis Practice UARs for Symbol Set # 1 w/ASAR   
4 Ask Are There Any Questions   
5 Complete First Block of 12 Off-Axis UARs for Symbol Set # 1   
6 Complete Rating Scales for Symbol Set # 1 w/ASAR (In Cockpit)   
7 Complete Off-Axis Practice UARs for Symbol Set # 2 w/ASAR   
8 Ask Are There Any Questions   
9 Complete Second Block of 12 Off-Axis UARs for Symbol Set # 2   
10 Complete Rating Scales for Symbol Set # 2 w/ASAR (In Cockpit)   
11 Complete Off-Axis Practice UARs for Symbol Set # 3 w/ASAR   
12 Ask Are There Any Questions   
13 Complete Third Block of 12 Off-Axis UARs for Symbol Set # 3 w/ASAR   
14 Complete Scales for Symbol Set # 3   
15 Break   
 POST TRIAL   
1 Debrief Participant   




Allen, T.L. (2000). Assessment of aviation safety concepts, Phase I – Fighter aircraft. 
Institute for Defense Analysis, IDA paper P-3524, 1-4. 
Andre, A.D., Wickens, C.D., Moorman, L., & Boschelli, M.M. (1991). Display 
formatting techniques for improving situation awareness in the aircraft cockpit. 
The International Journal of Aviation Psychology, 1(3), 205-218. 
Barnette, J.F. (1976). Role of head-up display in instrument flight. Instrument Flight 
Center Report No. IFC-LR-76-2. Randolph AFB, TX. 
Barnett, B. J., & Wickens, C. D. (1988). Display proximity in multicue information 
integration - the benefits of boxes. Human Factors, 30(1), 15-24. 
Bennett, K. B., & Flach, J. M. (1992). Graphical displays - implications for divided 
attention, focused attention, and problem-solving. Human Factors, 34(5), 513-
533. 
Bennett, K. B., Nittoli, B., & Walters, B. (1996). Design techniques to offset potential 
costs in configural displays. Proceedings of the Human Factors and Ergonomics 
Society 40th Annual Meeting, 1165-1169. 
Bennett, K. B., Payne, M., Calcaterra, J., & Nittoli, B. (2000). An empirical comparison 
of alternative methodologies for the evaluation of configural displays. Human 
Factors, 42(2), 287-298. 
Bennett, K. B., Payne, M., & Walters, B. (2005). An evaluation of a "time tunnel"' 
display format for the presentation of temporal information. Human Factors, 
47(2), 342-359. 
Bennett, K. B., & Toms, M. L. (1991). Improving the effectiveness of configural displays 
through mapped emergent features and color-coded graphical elements. 
Proceedings of the Human Factors and Ergonomics Society 35th Annual Meeting, 
1584-1588. 
Bennett, K. B., Toms, M. L., & Woods, D. D. (1993). Emergent features and graphical 
elements - designing more effective configural displays. Human Factors, 35(1), 
71-97. 
Bennett, K. B., & Walters, B. (2001). Configural display design techniques considered at 
multiple levels of evaluation. Human Factors, 43(3), 415-434. 
Bennett, K.B., Woods, D.D., Roth, E.M., & Haley, P.H. (1986). Predictor displays for 
complex, dynamic tasks: A preliminary investigation. Proceedings of the Human 
Factors Society 30th Annual Meeting, 684-688. 
Boulette, M.D., Bruce, G.C., & Nadeem, A.B. (1987). Classification of multidimensional 
data under time constraints: evaluating digital and configural display 
representations. Proceedings of the Human Factors Society 31st Annual Meeting, 
116-120. 
Braithwaite, M.G., Beal, K.G., Alvarez, E.A., Jones, H.D., & Estrada, A. (1998). The 
optokinetic cervical reflex during simulated helicopter flight. Aviation, Space, and 
Environmental Medicine, 69(12), 1166-1173. 
Burrows, A., & Cameron, C. (1957). The comparison of attitude indicators using limited 
flight simulation. FPRC Report No. 978. RAF Institute of Aviation Medicine, 
Farnborough, Hants. 
 222
Buttigieg, M. A., & Sanderson, P. M. (1991). Emergent features in visual-display design 
for 2 types of failure-detection tasks. Human Factors, 1340-1344. 
Buttigieg, M. A., Sanderson, P. M., & Flach, J. (1988). Object versus separate displays 
for process failure detection: the emergent features approach. In Proceedings of 
the Human Factors and Ergonomics Society 32nd Annual Meeting, 33(6), 631-
651. 
Calcaterra, J. A., & Bennett, K. B. (2003). The placement of digital values in configural 
displays. Displays, 24(2), 85-96. 
Carswell, C. M., & Wickens, C. D. (1987). Information integration and the object display 
- an Interaction of task demands and display superiority. Ergonomics, 30(3), 511-
527. 
Casey, E. J., & Wickens, C. D. (1986). Visual display representation of multidimensional 
systems: The effect of information correlation and display integrality. University 
of Illinois Department of Psychology,CPL-86-2.
Casson, R. W. (1983). Schema in cognitive anthropology. Annual Review of 
Anthropology, 12, 429-462. 
Chandra, D., & Weintraub, D. J. (1993). Design of head-up display symbology for 
recovery from unusual attitudes. Proceedings of the seventh international 
symposium on aviation psychology, 58-63. 
Coury, B.G., & Purcell, J. (1988). The bargraph as a configural and a separable display. 
Proceedings of the Human Factors Society 32nd Annual Meeting, 1361-1365. 
Davy, E.C., Dudfield, H.J., Hardiman, T.D., & Doyle, A.J.R. (1996). Attitude symbology 
issues for helmet-mounted displays. Proceedings of SPIE, Head-Mounted 
Displays, Lewandowski, R. J., Haworth, L. A., Stephens, W., & Girolamo, 
H.J.(Eds). SPIE: Bellingham, Washington, 156-163. 
Davy, E. C., & Selcon, S. J. (1997). A comparison of attitude information for helmet-
mounted displays. Proceedings of the International Society for Optical Engineers 
(SPIE): Imaging Sciences and Display Technologies, J. Bares, C. T. Bartlett, P. A. 
Delabastita, & J. L. Encarn (Eds.) 151-161.  
Deaton, J. E., Barnes, M. J., Lindsey, N. J., & Greene, J. L. (1989). The effect of 
windscreen bows and HUD pitch ladder format on pilot performance during 
simulated flight. NADC 89084-60. 
DeVilbiss, C.A., & Sipes, W.E. (1995). Effect of arc segmented attitude reference 
symbology on a helmet-mounted display during an unusual attitude recovery task. 
Proceedings of SPIE, Helmet-and Head-Mounted Displays and Symbology 
Design Requirements II, Lewandowski, R. J., Stephens, W., & Haworth, L. A., 
(Eds). SPIE: Bellingham, Washington, 255-262. 
Drewery, C.C., Davy, E.C., & Dudfield, H.J. (1997). Attitude symbology for helmet-
mounted displays: lessons learned. Proceedings of SPIE, Head-Mounted Displays 
II, Lewandowski, R. J., Haworth, L. A., Stephens, W., & Girolamo, H.J.(Eds). 
SPIE: Bellingham, Washington, 97-104. 
Dryer, D.A., & Stanney, K.M. (1998). Gap and curvature: Two promising three-
dimensional emergent feature displays. Proceedings of the Human Factors and 
Ergonomics Society 42nd Annual Meeting, 468-472. 
Dudfield, H.J., Hardiman, T.D., & Selcon, S.J. (1995). Human factors issues in the 
design of helmet-mounted displays. Proceedings of SPIE, Helmet-and Head-
 223
Mounted Displays and Symbology Design Requirements II, Lewandowski, R. J., 
Stephens, W., & Haworth, L. A., (Eds). SPIE: Bellingham, Washington, 132-141. 
Egan, D.E., & Goodson, H.E. (1978). Human engineering for head-up displays. NAMRL 
Monograph No.23. Naval Aerospace Medical Research Laboratory, Pensacola, 
FL. 
Endsley, M. R. (1988). Design and Evaluation for Situation Awareness Enhancement. In 
Proceedings of the Human Factors Society 32nd Annual Meeting, 97-101. Santa 
Monica, CA: Human Factors and Ergonomics Society. 
Endsley, M. R. (1989). A methodology for the objective measure of situation awareness. 
Situational Awareness in Aerospace Operations Symposium. AGARD-CP-478, 
1/1-1/9. Neuilly-Sur-Seine, NATO AGARD, France. 
Endsley, M. R. (1995a). Toward a theory of situation awareness in dynamic-systems. 
Human Factors, 37(1), 32-64. 
Endsley, M. R. (1995b). Measurement of situation awareness in dynamic-systems. 
Human Factors, 37(1), 65-84. 
Endsley, M.R. (1997). Situation awareness: The future of aviation systems. SAAB 60th 
Anniversary Symposium, Linkoping, Sweden, 1-8. 
Endsley, M. R. (2000). Errors in situation assessment: Implications for system design. In 
Human Error and System Design and Management (Vol. 253, pp. 15-26). 
Godalming: Springer-Verlag, London Ltd. 
Ercoline, W. R., DeVilbiss, C. A., Yauch, D. W., & Brown, D. L. (2000).  Post-roll 
effects on attitude perception:  “The Gillingham illusion”.  Aviation, Space, and 
Environmental Medicine, 71 (5), 489-495. 
Ercoline, W. C., Gillingham, K. K., Greene, F. A., & Previc, F.H. (1989). Effects of 
variations in head-up display pitch-ladder representations on orientation 
recognition. Proceedings of the 33rd Human Factors Society Annual Meeting, 
Denver, 1401-1405. 
Fischer, G., & Fuchs, W. (1992). Symbology for head-up and head-down applications for 
highly agile fighter aircraft –to improve spatial awareness. In Proceedings of 
AGARD Symposium on Combat Automation of Airborne Weapon Systems 
Man/Machine Interface: Trends and Technologies, AGARD-CP-520, Oct., 
Edinburgh, 19-22. 
Fitts, P.M, Jones, R.E., & Milton, J.L. (1950). Eye movements of aircraft pilots during 
instrument landing approaches. Aeronautical Engineering Review, 9, 1-24. 
Fracker, M.L. (1991). Measures of situation awareness: Review and future directions. 
(AL-TR-1991-0128). Wright-Patterson AFB OH: Armstrong Laboratory, Crew 
Systems Directorate.  
Fuchs, W., & Fischer, G. (1995). Arc Segment Attitude Reference – ASAR. In 
Proceedings of AGARD Symposium on Flight Simulation: Where are the 
challenges?AGARD-CP-577. 
Gallimore, J. J., Brannon, N. G., Patterson, F. R., & Nalepka, J. P. (1999). Effects of 
FOV and aircraft bank on pilot head movement and reversal errors during 
simulated flight. Aviation, Space, and Environmental Medicine, 70 (12), 1152-
1160. 
Gallimore, J.J., Liggett, K.K. and Patterson, F.R. (2001). The Opto-Kinetic Cervical 
Reflex in Flight Simulation. Proceedings of the American Institute of Aeronautics 
 224
and Astronautics Modeling and Simulation Conference and Exhibit, Aug 6-9, 
2001, Montreal, Canada, Paper No: 2001-4191: pp 1-7. 
Gallimore, J. J., Patterson, F. R., Brannon, N. G., & Nalepka, J. P. (2000). The opto-
kinetic cervical reflex during formation flight. Aviation, Space, and 
Environmental Medicine. 
Geiselman, E.E., Havig, P.R., & Brewer, M.T. (2000).  A non-distributed flight reference 
symbology for helmet-mounted display use during off-boresight viewing: 
development and evaluation.  Proceedings of SPIE, Helmet-Mounted Displays V, 
Lewandowski, R. J., Haworth, L. A., and Girolamo, H. J. (Eds), SPIE, 
Bellingham, Washington. 
Geiselman, E.E., & Osgood, R.K. (1994). Utility of off-boresight helmet-mounted 
symbology during a high angle airborne target acquisition task. Proceedings of 
SPIE, Helmet-and Head-Mounted Displays and Symbology Design Requirements, 
Lewandowski, R. J., Stephens, W., & Haworth, L. A., (Eds). SPIE: Bellingham, 
Washington, 328-338. 
Gibson, E.J. (1969).  Principles of perceptual learning and development.  New York: 
Appleton-Century-Crofts. 
Gibson, J.J. (1979). The ecological approach to visual perception. Boston: Houghton 
Mifflin. 
Guttmann, J. (1986). Evaluation of the F/A-18 head-up display for recovery from unusual 
attitudes. NADC 86157-60. 
Hall, J. R., Stephens, C. M., & Penwill, J. C. (1989). A review of the design and 
development of the RAE fast-Jet head-up display format. RAE FM-WP(89)034. 
Hardiman, T.D., & Dudfield, H.J. (1995). Methodological issues in the design and 
evaluation of HMD symbology. Proceedings of SPIE, Helmet-and Head-Mounted 
Displays and Symbology Design Requirements II, Lewandowski, R. J., Stephens, 
W., & Haworth, L. A., (Eds). SPIE: Bellingham, Washington, 226-234. 
Havig, P. R., Jenkins, J. C.,  & Geiselman, E. E. (2002). A comparison of HMD ownship 
status symbology and frame-of-reference orientation during two aircraft control 
tasks. Proceedings of SPIE, Helmet-Mounted Displays VII, Lewandowski, R. J., 
Haworth, L. A., and Girolamo, H. J. (Eds), SPIE, Bellingham, Washington. 
Hoffman, J.E. (1980). Interaction between global and local levels of a form. Journal of 
Experimental Psychology: Human Perception and Performance, 6(2), 222-234. 
Howard, I. P. (1982). Human Visual Orientation. John Wiley, New York. 
Irvin, G. E. (1944).  Aircraft Instruments.  New York: McGraw-Hill Book Company, Inc. 
Jacob, J.K., Egeth, H.E., & Bevan, W. (1976). The face as a data display. Human 
Factors, 18, 189-200. 
Jenkins, J. C. (2003). Development of helmet-mounted display symbology for use as a 
primary flight reference. Proceedings of SPIE, Helmet-Mounted Displays VIII, 
Lewandowski, R. J., Haworth, L. A., and Girolamo, H. J. (Eds), SPIE, 
Bellingham, Washington. 
Jenkins, J. C., Havig, P. R., & Geiselman, E. E. (2001). Non-distributed flight reference 
helmet-mounted display symbology for off-boresight viewing: a dynamic task 
evaluation. Proceedings of SPIE, Helmet-Mounted Displays VI, Lewandowski, R. 
J., Haworth, L. A., and Girolamo, H. J. (Eds), SPIE, Bellingham, Washington. 
 225
Jenkins, J. C., Havig, P. R., & Geiselman, E. E. (2002). Development of the non-
distributed flight reference helmet-mounted display symbology.  Proceedings of 
the Human Factors and Ergonomics Society 46th Annual Meeting, Baltimore 
Maryland: Human Factors Society.    
Jenkins, J. C., Sheesley, D. G., & Bivetto, F. C. (2004). Helmet-mounted display 
symbology for enhanced trend and attitude awareness. Proceedings of SPIE, 
Helmet-Mounted Displays IX, Lewandowski, R. J., Haworth, L. A., and Girolamo, 
H. J. (Eds), SPIE, Bellingham, Washington. 
Jenkins, J. C., Thurling, A. J., & Brown, B. D. (2003). Ownship status helmet-mounted 
display symbology for off-boresight tactical applications. Proceedings of SPIE, 
Helmet-Mounted Displays VIII, Lewandowski, R. J., Haworth, L. A., and 
Girolamo, H. J. (Eds), SPIE, Bellingham, Washington. 
Jenkins, J. C., Thurling, A. J., Havig, P. R., & Geiselman, E. E. (2002). Flight test 
evaluation of the non-distributed flight reference off-boresight helmet-mounted 
display symbology. Proceedings of SPIE, Helmet-Mounted Displays VII, 
Lewandowski, R. J., Haworth, L. A., and Girolamo, H. J. (Eds), SPIE, 
Bellingham, Washington, pp. 341-355. 
Jones, D. G., & Endsley, M. R. (1996). Sources of situation awareness errors in aviation. 
Aviation Space and Environmental Medicine, 67(6), 507-512. 
Jones, D. G., & Endsley, M. R. (2004). Use of real-time probes for measuring situation 
awareness. International Journal of Aviation Psychology, 14(4), 343-367. 
Jones, P., & Wickens, C.D. (1986). The display of multivariate information: The effects 
of auto and cross correlation, display format, and reliability (Tech. Report cPL-
86-5). Urbana-Champaign: Cognitive Psychophysiology Research Laboratory , 
University of Illinois. 
Jones, P.M., Wickens, C.D., & Deutsch, S.J. (1990). The display of multivariate 
information: An experimental study of an information integration task. Human 
Performance, 3(1), 1-17. 
Kimchi, R. (1994). The Role of Wholistic Configural Properties Versus Global Properties 
in Visual Form Perception. Perception, 23(5), 489-504. 
Kinchla, R. A., & Wolfe, J. M. (1979). The order of visual processing: top-down, bottom-
up, or middle out. Perception & Psychophysics, 25, 225-231. 
Krause, N. (1994). Controlled flight into terrain (CFIT), USAF History 1980-1993. 
Unpublished data. US Air Force Safety Center, Kirtland AFB, NM. 
Lamb, M.R., & Robertson, L.C. (1990). The effect of visual angle on global and local 
reaction times depends on the set of visual angles. Perception & Psychophysics, 
47 (5), 489-496. 
Lanze, M., Maguire, W., & Weisstein, N. (1985).  Emergent features: a new factor in the 
object-superiority effect? Perception and Psychophysics, 38 (5), 438-442. 
Leibowitz, H. W., & Owens, D. A. (1986).  We drive by night. Psychology Today, 5-58. 
Leibowitz, H. W., & Post, R. B. (1982).  The two modes of processing concept and some 
implications. In Beck, J. (Ed), Organization and representation in behavior, 
Earlbaum Associates, UK. 
Leibowitz, H. W., Post, R. B., Brandt, T., & Dichgans, J. (1982).  Implications of recent 
developments in dynamic spatial orientation and visual resolution for vehicle 
 226
guidance. In A. H. Wertheim, W. A. Wagnenaar, and H. W. Leibowitz (Eds.) 
Tutorials on motion perception, 231-260. New York, Plenum. 
Liggett, K. K., & Gallimore, J. J. (2001).  The OKCR and pilot performance during 
transitions between meteorological conditions using HMD attitude symbology. In 
Proceedings of the Human Factors and Ergonomics Society 45th Annual Meeting, 
(pp. 115-119). Santa Monica, CA: HFES. ASC-01-1725. 
Liggett, K.K., & Gallimore, J.J. (2002). An analysis of control reversal errors during 
unusual attitude recoveries using helmet-mounted display symbology. Aviation, 
Space, and Environmental Medicine, 73(2), 102-111. 
Lockheed Martin (2000). Virtual HUD Flight Test. Public Release Report. 
Marble, J.G., & Proctor, R.W. (2000).  Emergent features, instruction and graphic 
enhancement in display design. Proceedings of the Human Factors and 
Ergonomics Society Annual Meeting, p. 493. 
Martin, M. (1979).  Local and global processing: the role of sparsity.  Memory and 
Cognition, 7, 476-484. 
McNaughton, G.B. (1985). Proceedings of the aircraft attitude awareness workshop. 
WRDC-TR-89-7009, Wright-Patterson AFB, OH. 
Meador, D.P., Geiselman, E.E., & Osgood, R.K. (1996).Helmet display symbology 
development for the JAST/IHAVS flight demonstration. Proceedings of SPIE, 
Head-Mounted Displays, Lewandowski, R. J., Haworth, L. A., Stephens, W., & 
Giro, H.J.(Eds). SPIE: Bellingham, Washington, 39-49. 
Moroze, M. L., & Snow, M. P. (1999). Causes and remedies of controlled flight into 
terrain (CFIT) in military and civil aviation. In Tenth International Symposium on 
Aviation Psychology. Columbus, OH: Ohio State University. 
Murdock, B. B. (1962). The serial position effect of free recall. Journal of Experimental 
Psychology, 64, 482-488. 
Naish, J. M. (1961).  System for presenting steering information during visual flight, part 
I, the position of presented information.  RAE TN-IAP-1132. 
Naish, J. M. (1962).  System for presenting steering information during visual flight, part 
II, the form of the presented information.  RAE TN-IAP-1138. 
Navon, D. (1977). Forest before the trees: the precedence of global features in visual 
perception. Cognitive Psychology, 9, 353-383. 
Navon, D. (1981). The Forest Revisited - More on Global Precedence. Psychological 
Research-Psychologische Forschung, 43(1), 1-32. 
Neisser, U. (1967).  Cognitive psychology.  New York: Appleton-Century-Crofts. 
Nesbitt, R.E., & Wilson, T.D. (1977). Telling more than we can know: Verbal reports on 
mental processes. Psychological Review, 84(3), 231-259. 
Newman, R.L. (1980). Operational problems with head-up displays during instrument 
flight (Tech. Report AFAMRL-TR-80-116). Wright-Patterson AFB, OH: 
Aerospace Medical Research Laboratory. 
Newman, R. L. (1987). Evaluation of head-up displays to enhance unusual attitude 
recovery. Vol. 2, AFWAL TR-87-3055. 
Orrick, W.P., & York, P.E. (1978). Head-up display symbology (Tech. Report No. 
NADC-75267-40). Naval Air Development Center. 
Palmer S. E. (1990). Modern theories of gestalt perception. Mind & Language, 5 (4). 
 227
Patterson, F. R. (1995).  Aviation spatial orientation in relationship to head position and 
attitude interpretation. Dissertation, Wright State University, Dayton, OH. 
Patterson, F. R. (1998).  Inside-outside spatial strategies employed by pilots during 
shipboard operations. In Proceedings on situational awareness in the tactical 
environment. NAWC, Patuxent River, MD, pp. 111-117. 
Patterson, F. R., Cacioppo, A. J., Gallimore, J. J., Hinman, G. E., & Nalepka, J. P. (1997). 
Aviation spatial orientation in relationship to head position and attitude 
interpretation. Aviation, Space, and Environmental Medicine, 68 (6), 463-471. 
Pomerantz, J. R. (1983). Global and local precedence - selective attention in form and 
motion perception. Journal of Experimental Psychology-General, 112(4), 516-
540. 
Pomerantz, J. R. (1986). Overview of visual form perception. In E.C. Schwab & H. C. 
Nusbaum (Eds.), Perception of speech and visual form: Theoretical issues, 
models, and research, 2, 1-30. New York: Academic Press. 
Pomerantz, J. R., & Pristach, E. A. (1989). Emergent features, attention, and perceptual 
glue in visual form perception. Journal of Experimental Psychology-Human 
Perception and Performance, 15(4), 635-649. 
Pomerantz, J., Sager, L.C., & Stoever, R.J. (1977).  Perception of wholes and of their 
component parts: some configural superiority effects. Journal of Experimental 
Psychology: Human Perception and Performance, 3(3), 422-435. 
Potter, M. C. (1976). Short-term conceptual memory for pictures. Journal of 
Experimental Psychology. Human Learning and Memory, 2, 509Y522. 
Pritchett, A.R., Hansman, R.J., & Johnson, E.N. (1995). Use of testable responses for 
performance-based measurement of situation awareness. In D.J. Garland, & M.R. 
Endsley (Eds.). Experimental Analysis and Measurement of Situation Awareness 
(pp.75-81). Daytona Beach, FL: Embry-Riddle Aeronautical University Press. 
Proctor, R.W., & Van Zandt, T (1994). Human factors in simple and complex systems. 
Needham Heights, MA: Allen and Bacon. 
Reising, J.M., Butterbaugh, L.C., & Liggett, K.K. (1991). Preliminary assessment of 
primary flight display symbology for electro-optical head-down displays.  WL-
TM-92-334, Wright-Patterson AFB, OH. 
Reising, J.M., Liggett, K.K., & Munns, R.C. (1999). Controls, displays, and workplace 
design. In D.J. Garland, J.A. Wise, & V.D. Hopkin (Eds.), Handbook of aviation 
human factors, 327-354. Mahwah, NJ: Lawrence Erlbaum Associates. 
Reising, J.M., Zenyuh, J., & Barthelem, K. (1988). Head-up display symbology for 
unusual attitude recovery. Proceedings of the IEEE National Aerospace and 
Electronics Conference, 3, 926-930. 
Rock, I., & Palmer, S. (1990). The legacy of gestalt psychology. Scientific American, 
263(6), 84-90. 
Roscoe, S.N. (1986). Spatial misorientation exacerbated by collimated virtual flight 
displays. Information Display, Sep, 27-28. 
Roscoe, S.N. (1987). The trouble with HUDs and HMDs. Human Factors Society 
Bulletin, 30(7), 1-2. 
Ruffell-Smith, H.P. (1948). The design and display of pilot’s instruments. FPRC Report 
No. 692. RAF Institute of Aviation Medicine, Farnborough, Hants. 
Rumelhart, D. E. (1984). Schemata and the cognitive system. In R. S. Wyer & T. K. 
 228
Srull, Handbook of social cognition (pp. 161–188). Hillsdale, NJ: Lawrence 
Erlbaum. 
Sanderson, P. M., Flach, J. M., Buttigieg, M. A., & Casey, E. J. (1989). Object displays 
do not always support better integrated task-performance. Human Factors, 31(2), 
183-198. 
Sanderson, P. M., Haskell, I., & Flach, J. M. (1992). The complex role of perceptual 
organization in visual-display design theory. Ergonomics, 35(10), 1199-1219. 
Sarter, N.B., & Woods, D.D. (1991).  Situation awareness: a critical but ill-defined 
phenomenon. International Journal of Aviation Psychology, 1, 45-57. 
Schmit, V.P. (1982). Factors affecting the allocation of attention and performance in 
cross-monitoring flight information displays. In AGARD-CP-329. NATO 
AGARD: Neuilly-Sur-Seine. 
Scott, W. B. (1996). New technology, training target CFIT losses. Aviation Week & 
Space Technology, 73-77. 
Semple, C. A., Heapy, R. J., & Conway, E. J. (1971).  Analysis of human factors data for 
electronic flight display systems.  US Air Force Flight Dynamics Laboratory, 
Wright-Patterson Air Force Base, Ohio. Technical Report No. AFFDL-TR-70-
174. 
Smith, D.R., Cacioppo, A.J., & Hinman, G.E. (1997). Aviation spatial orientation in 
relationship to head position, attitude interpretation, and control. Aviation, Space, 
and Environmental Medicine, 68(6), 472-478. 
Snow, M. P., French, G. A., & Hitzeman, T. A. (2003).  Primary flight displays in the T-
38C: when do differences among flight displays become inconsistencies?  ASC-
03-0025, Wright-Patterson, AFB, OH. 
Sternberg, R. J. (1996).  Cognitive Psychology.  Harcourt Brace and Company, Fort 
Worth, TX. 
Stiffler, D.R., (1987). Exploiting situational awareness beyond visual range (Tech. Rep. 
No. 87-2370). Maxwell AFB, AL. 
Svimonoff, C. (1958). The air force integrated flight instrument panel. WADC TR-58-
431, October. 
Taylor, R. M. (1982).  Human factors aspects of head-up display symbology: the 
presentation of attitude information.  Electronic Displays.  Network Exhibitions 
Ltd, UK. 
Taylor, R. M. (1984).  Some effects of display format variables on the perception of 
aircraft spatial orientation. AGARD-CP-371, NATO AGARD, France. 
Taylor, R.M. (1988). Aircraft attitude awareness from visual displays. Displays, April, 
pp. 65-75. 
Taylor, R. M. (1990).  Situational awareness rating technique (SART): The development 
of a tool for aircraft systems design. In Situational Awareness in Aerospace 
Operations (AGARD-CP-478, 3/1-3/17). Neuilly-Sur-Seine, NATO AGARD, 
France. 
Taylor, R.M., & Selcon, S.J. (1994). Situation in mind: Theory, application and 
measurement of situation awareness. Proceedings of Situational Awareness in 
Complex Systems. Gibson, R.D., Garland, D.J., & Koonce, J.M. (Eds.), Embry-
Riddle Aeronautical University Press, 69-77. 
 229
Tenney, Y.T, Adams, M.J., Pew, R.W., Huggins, A.W.F., and Rogers, W.H. (1992). A 
principled approach to the measurement of situation awareness in commercial 
aviation (NASA contractor report 4451). Langley, VA: NASA Langley Research 
Center. 
Truitt, T. R., & Ahlstrom, V. (2000). Situation awareness in airway facilities: 
Replacement of maintenance control centers with operations control centers 
(DOT/FAA/CT-TN00/09). Atlantic City International Airport: Federal Aviation 
Administration William J. Hughes Technical Center.  
Uhlarik, J., & Comerford, D.A. (2002).  A review of situation awareness literature 
relevant to pilot surveillance functions.  DOT/FAA/AM-02/3, Office of 
Aerospace Medicine, Washington, DC. 
U.S. Air Force (2003). Class-A Mishaps 1993-2002. U.S. Air Force Office of Flight 
Safety, 1-15. 
U.S. Department of the Air Force, Headquarters US Air Force. (1996). Air force manual 
11-217: instrument flight procedures. Washington DC: Author. 
U.S. Department of Defense. (2000). MIL-STD-1787C, Department of defense interface 
standard for aircraft display symbology. Philadelphia, PA: Defense Automated 
Printing Service. 
U.S. Department of Defense. (1975). MIL-STD-884, Electronically or optically generated 
displays for aircraft control and combat cue information. Philadelphia, PA: 
Defense Automated Printing Service. 
Vidulich, M., Dominguez, C., Vogel, E., & McMillan, G. (1994).  Situation awareness: 
papers and annotated bibliography.  AL/CF-TR-1994-0085, Crew Systems 
Directorate, Wright-Patterson AFB OH. 
Walchli, R.M. (1967). Head-up display review (Doc. No. F044-7U1). The Bunker-Ramo 
Corp., U.S. Air Force. 
Weinstein, L., & Ercoline, W. (1991). Effects of variations in head-up display climb/dive 
ladder symbology. In: Proceedings of the Human Factors Society 35th Annual 
Meeting, Santa Monica, CA. 
Weinstein, L. F., Ercoline, W. R., McKenzie, I., Bitton, D. F., & Gillingham, K. K. 
(1993). Standardization of aircraft control and performance symbology on the 
USAF head-up display. Armstrong Laboratory Technical Report, AL/CF-TR-
1993-0088, Brooks AFB, TX. 
Wickens, C. (1986). The object display: Principles and a review of experimental findings. 
Tech. Report CPL-86-6. Army Research Institute. 
Wickens, C.D. (1992). Workload and situation awareness: An analogy of history and 
implications. Insight: The Visual Performance Technical Group Newsletter, 1-3. 
Wickens, C. D. (1996). Situation awareness: Impact of automation and display 
technology. Symposium on situation awareness: Limitations and enhancements in 
the aviation environment.  AGARD-CP-575, K2-1-K2-13. 
Wickens, C.D. (2007). Aviation. In Handbook of Applied Cognition, II, 361-389. John 
Wiley & Sons, Ltd. 
Wickens, C. D., & Andre, A. D. (1988). Proximity compatibility and the object display. 
Proceedings of the Human Factors Society 32nd Annual Meeting, 1335-1339. 
 230
Wickens, C. D., & Andre, A. D. (1990). Proximity compatibility and information display 
- effects of color, space, and objectness on information integration. Human 
Factors, 32(1), 61-77. 
Wickens, C.D., Kramer, A., Barnett, B., Carswell, M., Fracker, L., Goettl, B., & 
Harwood, K. (1985). Display-cognitive interface: The effect of information 
integration requirements on display formatting for C3 displays (Tech. Report 
EPL-85-3). Urbana-Champaign: University of Illinois. 
Wickens, C.D., & Scott, B.D. (1983). A comparison of verbal and graphical information 
presentation in a complex information integration decision task (Tech. Report 
EPL-83-1/ONR-83-1). Champaign: University of Illinois at Urbana-Champaign. 
Wierwille, W.W., & Casali, J.G. (1983). A validated rating scale for global mental 
workload measurement applications. In Proceedings of the Human Factors 
Society 27th Annual Meeting, 129-133. 
Woods, D.D. (1991).  The cognitive engineering of problem representations.  In G.R.S. 
Weir and J.L. Alty (Eds.), Human-computer interaction and complex systems. 
London: Academic, 169-188. 
Woods, D.D., Wise, J.A., & Hanes, L.F. (1981). An evaluation of nuclear power plant 
safety parameter display systems. In Proceedings of the Human Factors and 
Ergonomics Society Annual Meeting, 110-114. 
Zenyuh, J. P., Reising, J. M., & McClain, J. E. (1987).  Advanced head-up display 
symbology: aiding unusual attitude recovery.  Proceedings of the Human Factors 
Society 31st Annual Meeting, 1067-1071. Human Factors Society, Santa Monica, 
CA. 
 231
 
 
